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Introduction
Inguinal hernia repair is one of the most performed surgical procedures. In 2005 a total of 31,200 groin
hernias were repaired in The Netherlands1. Inguinal hernia repair consists of two steps: reduction of the
hernia sac and reconstruction of the posterior wall of the inguinal canal. Mesh-based repair gives the best
results with respect to reherniation2.
Inguinal hernia repair is associated with long-term risks of pain and discomfort. In 1996 Cunningham
et al. were the fi rst to report a pain incidence of 63% after one year3. Five years later, in a large cross-
sectional cohort study the rate of chronic pain was 29%. This complication was associated with functional
impairment in more than half of those with pain4. A surgical procedure is therefore not advocated in
patients without complaints. In a recent randomized trial watchful waiting was shown to be an acceptable
option for men with minor complaints5.
This approach still leaves a large group of symptomatic patients to undergo a mesh-based repair, either 
via open surgery or endoscopically. According to the national Dutch guidelines the fi rst choice for primary
hernias is the open approach, especially in centres not specialized in endoscopic techniques6. Different
meshes are available for the repair. The most frequently used techniques are the Lichtenstein repair, the
Prolene Hernia System and mesh plug repair.
In 2001 insuffi cient evidence was available to indicate which of the three techniques was superior in terms
of risk of developing chronic pain. Open preperitoneal repair was not yet evaluated either in these terms.
Furthermore, there was no consensus about the incidence of chronic pain, as most reviews on this subject
included non mesh-based techniques as well and a clear overview of factors that are associated with
chronic pain was not yet available.
Box 1 Inguinal hernia
The inguinal canal carries the spermatic cord in men and
a round ligament attached to the uterus in women.
An inguinal hernia is a protrusion of abdominal cavity
contents through a weak point in the posterior wall of 
the inguinal canal.
This weak point is a patent processus vaginalis (opening
through which the testicle was transmitted), incomplete
closure by abdominal muscle during increased intra-
abdominal pressure or a defi cient aponeurotic extent of 
the transversus abdominus muscle due to degeneration
or impaired balance of type I/III collagen. This could be enhanced by positive family history, cystic fi brosis, obesity, 
chronic cough and straining to have bowel movements (constipation) or to urinate (enlarged prostate). 
An inguinal hernia is diagnosed by clinical examination, rarely a MRI or laparoscopy is necessary.
inguinal canal
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Box 2 Mesh-based techniques
Frequently used mesh-based hernia
repair techniques with approach anterior 
open (above), preperitoneal open (left)
and preperitoneal or transabdominal
endoscopic (right).
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Aim and outlines
The aim of this thesis was to evaluate the results of inguinal hernia repair focussing on chronic pain. Chronic
pain was defi ned as any score above zero on a Visual Analogue Scale (VAS) at least three months after 
surgery, as defi ned by the International Association for the Study of Pain7. The Lichtenstein procedure was
considered to be the standard, as advocated by the national guidelines6.
The aim of the study in chapter 2 was to compare standard treatment with the Prolene Hernia System
and mesh plug repair with respect to quality of life and pain. In chapter 3 the long-term results of this
randomized controlled study were further scrutinized to determine chronic pain characteristics and possible
explanatory factors. Also the easiness of the three meshes was evaluated as the ease and extent of 
dissection is acclaimed to be associated to pain.
In a prospective study, pain was investigated in a group of elderly patients who underwent a hernia repair 
under local anaesthesia (chapter 4). Intravenous sedation was omitted in this study, expecting benefi ts
for this particular population. The main outcomes included pain, quality of life as well as complications to
assess the feasibility of this approach.
The objectives of the study in chapter 5 were to assess incidence, severity and consequences of chronic
pain and its aetiologies. A multi-database systematic search was conducted for prospective trials on mesh-
based inguinal hernia repair reporting the measurement and outcome of pain, at least three months
postoperatively and with a minimum follow-up of 80%.
The aim of the study in chapter 6 was to compare Lichtenstein with Kugel repair. The Kugel is a technique,
wherein a double layered mesh with memory coil is placed in the preperitoneal space, without passing
the inguinal canal. The primary endpoint of this randomized controlled trial was chronic pain. To assess
the impact of chronic pain on daily life activities, the Pain Disability Index (PDI) was introduced in this trial.
The results of the PDI, a 7 item questionnaire for self-perceived disability, are presented in chapter 7. 
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11
Various explanatory factors for pain following hernia repair have been reported. Most investigators, however,
discuss only a few aspects. In chapter 8 these factors are collected to provide a more holistic synopsis of 
pain following hernia repair to support the discussion of the outcome found in future studies.
In chapter 9, the results of the aforementioned studies are summarized and discussed. Chapter 10
contains a Dutch version of the summary.
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Introduction
Open inguinal hernia repair with mesh has led to low recurrence rates, and the importance of postoperative
pain is a growing concern. Chronic groin pain after hernia repair may be incapacitating and can affect
quality of life, interfering with leisure activities and work. The reported incidence of chronic pain 1 year after 
hernia repair varies from 0.7 per cent1 to 28.7 per cent2. Considering the large number of such procedures
performed annually, this postoperative pain represents a serious problem. In a review of randomized
controlled trials comparing laparoscopic with open mesh hernia repair, the laparoscopic approach was
associated with less persisting pain3. However, laparoscopic hernia repair is more expensive, has a longer 
learning curve and requires general anaesthesia. In national guidelines from the UK4 and the Netherlands5,
it was suggested that laparoscopic repair should be reserved for specialized centres. Most inguinal hernias
are repaired with an open mesh technique, for which different prosthetic devices have been developed.
Together with the widely used mesh technique described by Lichtenstein, the Prolene® Hernia System
(PHS®; Ethicon, Norderstedt, Germany) and mesh plug repair (MPR) are also employed. As the reported
recurrence rates following repair by each of these methods are similarly low, in a teaching hospital a
standard technique should be chosen from an educational point of view. Factors such as the incidence
of postoperative pain or ease of handling of the mesh become important, in addition to recurrence rates.
This study was a randomized trial comparing these three mesh techniques for open hernia repair. The
short- and long-term results for postoperative pain and quality of life are described.
Patients and methods
Patients
Adult patients with primary unilateral inguinal hernia were eligible for inclusion in the study. They were given
detailed information about the study, which was approved by the local research and ethics committee.
Randomization was by sealed envelopes using computer-generated allotment. Between April 2001 and
March 2003, 334 patients gave informed consent and were blindly and randomly allocated to receive one
of the three open hernia repairs: PHS®, MPR or the Lichtenstein procedure. Patient characteristics recorded
were age, sex, body mass index and employment status (Table 1).
Table 1 Patient characteristics
PHS®
111
55 (28-81)
107 : 4
24.4
74 (66.7)
29 (26.1)
1 (0.9)
MPR
113
56 (20-83)
111 : 2
24.6
63 (55.8)
37 (32.7)
3 (2.7)
Lichtenstein
110
53 (22-81)
106 : 4
24.5
57 (51.8)
32 (29.1)
4 (3.6)
No. of patients
Median (range) age (years)
Sex ratio (M:F)
Body mass index (kg/m2)
Employment status (%)*
 Employed
 Retired
 Not employed
   *  Values in parentheses are percentages. PHS®, Prolene® Hernia System; MPR, mesh plug repair. There were no statistically signifi cant differences
between the groups.
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Surgical techniques
Using a standard protocol, all patients were given a non-steroidal anti-infl ammatory drug and a sedative
premedication several hours before surgery. Prophylactic antibiotics were not used. In all procedures an
oblique 4-7 cm incision was made in the skin overlying the internal ring. If ilioinguinal, iliohypogastric or 
genitofemoral nerves were encountered, they were reserved. The hernia sac was not ligated, unless it was
large or inguinoscrotal. If a medial suture was required, this was not placed into the pubic periosteum.
The Lichtenstein operation was performed as described by Amid et al.6. A 6×11 cm polypropylene mesh
(Prolene®;Ethicon) was trimmed to fi t the inguinal fl oor, as necessary. The mesh was sutured to the
ligament of Poupart using a non-absorbable suture and secured cranially using an absorbable suture.
The MPR operation was performed as described by Robbins and Rutkow7 using a two-part prosthesis.
The inserted plug (Perfi x®; Davol, Cranston, Rhode Island, USA) was fi xed with interrupted absorbable
sutures. For both direct and indirect hernias a fl at mesh was placed (unsutured) on the anterior surface
of the posterior wall. The split section was sutured lateral to the spermatic cord. For the technique using
the PHS®, the preperitoneal space was opened. The circular mesh was placed beneath and the fl at
mesh above the transversalis fascia. The superfi cial mesh was fi xed cranially, caudally and medially with
absorbable sutures. As in the Lichtenstein repair, a split for the spermatic cord was made in the outer 
mesh. In all techniques, the skin was closed with a subcuticular absorbable suture after closure of the
external oblique.
Data collection
The study was carried out in a single teaching institution that treats approximately 300 patients with an
inguinal hernia each year. Nearly 40 per cent of patients were not eligible because they had a recurrent
hernia or were aged less than 18 years. Elderly patients and those with extensive co-morbidity were
encouraged to undergo hernia repair under local anaesthesia, and were also excluded. In this trial, inguinal
hernia repairs were performed by staff surgeons as well as surgeons in training; all procedures were done
or supervised by a surgeon with experience of more than fi ve procedures. The duration of the operation,
length of the incision and experience of the operating surgeon were documented immediately after surgery.
The anatomy of the hernia and the size of the defect (classifi ed according to the Aachen classifi cation8) were
also noted. Most patients were discharged within 24 h; there were no restrictions on mobilization. For pain
assessment during the fi rst 2 weeks after operation, patients were asked to record visual analogue scale
(VAS) scores. The VAS is a 100 mm line on which zero represents no pain and 100 the most severe pain.
The total VAS pain score was calculated by summation of the 14 individual daily scores. No guidance
was given with regard to analgesia; patients noted the number and type of analgesics used. To assess
quality of life, patients were asked to complete a Short Form (SF) 36 questionnaire on day 14 after 
operation. The results for the 36 items were transformed into 100-point scales for eight dimensions of 
well-being. The lower the SF-36 score, the greater the adverse impact of the dimension being assessed.
Patients were reviewed in the hospital after 3 months, when a physical examination was performed to
detect wound problems or hernia recurrence. In addition, their satisfaction with the whole treatment
was noted on a VAS, and a second SF-36 was completed. Patients were asked to grade their pain in the
2 weeks before the hospital visit and indicate whether it impaired daily life activities. The grades were
none, mild, moderate and severe pain. In the original protocol, patients were invited for review in hospital
12 months after surgery. Only 91 patients attended, so it was decided to send a questionnaire to all
patients containing a third SF-36 and a VAS for scoring pain.
Randomized trial PHS, MPR and L: short-term
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Statistical analysis
The primary endpoint was the VAS pain score. For statistical analysis, a standard deviation of 20 in the
VAS score was assumed. It was estimated that a sample of 108 patients in each group was required
to detect a difference in VAS score of 10 with a two-sided test with a power of 90 per cent (P = 0.017,
Wilcoxon test with Bonferroni correction). The Wilcoxon test was also used to analyse the SF-36 scores and
nominal operative parameters. For ordinal data the Pearson χ2 test was used. Spearman correlations were
employed to analyse factors in the total pain score. P < 0.050 was considered statistically signifi cant for 
tests other than the primary endpoints. Data were analysed on the basis of intention to treat.
Results
Patients
A total of 334 patients were randomly allocated to receive one of the three repairs. Baseline characteristics and
operative fi ndings were comparable between the groups (Tables 1 and 2). All patients were followed for the fi rst
2 weeks and 287 patients (85.9 per cent) attended the 3-month hospital follow-up. Late follow-up took place
after a median of 15.4 (range 7-33) months. During this interval one patient died. The postal questionnaire was
completed by 319 (95.8 per cent) of 333 patients. In 13 patients the surgeon decided to convert to another 
procedure. One patient allocated to the Lichtenstein group received the PHS® because of an extra femoral
hernia. One surgeon regarded the PHS® to be inappropriate for a patient with a weak posterior inguinal wall,
and used the Lichtenstein technique instead. On 11 occasions MPR was considered preferable to the randomly
allocated treatment (fi ve in the Lichtenstein group and six in the PHS® group). Reasons included: proposed
technique too diffi cult, defect size too small, and desire to instruct the MPR technique to a trainee surgeon.
All hernia procedures were analysed according to their original randomization. 
Table 2 Operative fi ndings in 334 patients randomized to Prolene® Hernia System, mesh plug repair or the
Lichtenstein method for open inguinal hernia repair
PHS® (n=111)
62 (55.9)
38 (34.2)
11 (9.9)
14 (12.6)
61 (55.0)
36 (32.4)
77 (69.4)
34 (30.6)
MPR (n=113)
62 (54.9)
40 (35.4)
11 (9.7)
15 (13.3)
62 (54.9)
36 (31.8)
75 (66.4)
38 (33.6)
Lichtenstein (n=110)
63 (57.3)
36 (32.7)
11 (10.0)
8 (7.3)
74 (67.3)
29 (26.4)
79 (71.8)
31 (28.2)
Type of hernia
 Indirect
 Direct
 Combined
Defect size (cm)
 <1.5
 1.5 - 3.0
 >3.0
Anaesthetic technique
 Spinal
 General
Values in parentheses are percentages. PHS®, Prolene® Hernia System; MPR, mesh plug repair. There were no statistically signifi cant differences
between the groups.
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Complications
Perioperative complications included iatrogenic damage to the vas deferens (PHS®), endocarditis on the
fourth postoperative day (PHS®) and four re-explorations for a haematoma (one in the PHS® group
and three in the Lichtenstein group). Wound infections, either reported by the patient or diagnosed by
the observer, occurred in 30 patients (9.0 per cent). All were superfi cial and healed with conservative
treatment; no mesh was removed. The infections were equally distributed between the three procedures
(PHS®, 12; MPR, ten; Lichtenstein, eight). The total recurrent hernia rate was eight (2.5 per cent) of 
319: one in the PHS® group, four following MPR and three after Lichtenstein repair.
Pain
The mean VAS pain scores in the 2 weeks after surgery are shown in Fig.1; there were no differences
between the various repairs. In 95.8 per cent of patients, paracetamol was the analgesic used. The mean
amount of paracetamol consumed per day was 1.9, 1.6 and 1.8 g after PHS®, MPR and Lichtenstein
repairs respectively (P = 0.804). Postoperative pain was not related to age, body mass index, employment
status, anaesthetic technique or any of the operative fi ndings. At 3 months, 114 (39.7 per cent) of 
287 patients reported some form of pain. Most of these (31.7 per cent of the total) had mild pain, but
moderate or severe pain was recorded in 7.0 and 1.0 per cent of patients respectively. Of the 287 patients,
39 (13.6 per cent) reported that their pain slightly impaired normal daily activity, whereas for 18 patients
(6.3 per cent) pain caused a greater impairment of normal activity. There was no statistically signifi cant
difference between the operative groups. At the long-term follow-up, 138 (43.3 per cent) of 319 patients
reported pain; in 14 patients (10.1 per cent) discomfort was moderate (VAS score 30-50) and in 20 (14.5
per cent) pain was severe (VAS score greater than 50). No statistically signifi cant difference was found
between the three hernia meshes. The intensity of chronic pain as measured with the VAS correlated with
a higher VAS pain score in the fi rst 2 weeks after surgery and showed an inverse correlation with increasing
age (R = 0.3, P < 0.001 for both).
Figure 1 Mean visual analogue scale (VAS) pain scores in the fi rst 2 weeks after open hernia repair in the
three treatment groups. PHS®, Prolene® Hernia System; MPR, mesh plug repair
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Quality of life
On day 14 there was no detectable difference between the three groups in any quality of life dimension on
the SF-36. After 3 months, patients in the Lichtenstein group scored signifi cantly worse than those in the PHS®
group on the dimension of role emotional (P = 0.009). On the scale of vitality, patients who had a MPR scored
signifi cantly higher than those with a Lichtenstein repair at long-term follow-up (P = 0.011) (Fig. 2). Total VAS
pain scores for the 14 days after surgery correlated signifi cantly with worse SF-36 scores at day 14 (P = 0.012
for general health; P < 0.001 for the other scales). After 3 months there was still an inverse correlation between
pain reported during the fi rst 14 postoperative days and the score on dimensions of physical functioning
(P = 0.013), role physical (P = 0.004) and pain (P < 0.001). There was no correlation between VAS scores
and patient satisfaction with treatment (8.5 for PHS®, 8.3 for MPR and 8.3 for Lichtenstein).
Figure 2 Quality of life assessed by Short Form (SF) 36 after the three methods of open hernia repair.
GH, general health; BP, bodily pain; VT, vitality; MH, mental health; RE, role emotional; RP, role physical; SF,
social functioning; PF, physical functioning
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Discussion
In this study the hernia repair technique of Lichtenstein was compared with the two most frequently used
variations: the PHS® and MPR. Previously reported recurrence rates were low and comparable, but the
incidence of postoperative pain seems to be quite high2. Severe chronic pain may impair quality of life after 
hernia repair. The present study showed no difference in postoperative pain between the three types of 
hernia repair. Patients reported comparable VAS pain scores and analgesic requirement during the fi rst 14
days. Neither was there a signifi cant difference on short- and long-term follow-up; chronic pain, however,
was reported by 138 (43.3 per cent) of 319 patients. Apart from two specifi c differences, overall quality of 
life as measured by the SF-36 was similar with the three procedures. Based on these short- and long-term
results, no positive recommendations can be made regarding which mesh should be used for open hernia
repair. In a previous randomized controlled study, Kingsnorth et al.9 compared the Lichtenstein patch and
Perfi x® (C.R. Bard, Murray Hill, New Jersey, USA) plug-and patch repair for inguinal hernia. There was no
signifi cant difference in the total number of days for which patients required analgesics, but overall patients
in the plug-and patch group had signifi cantly less pain. There were no clinically relevant differences in
SF-36 scores. From the same Hernia Service, a randomized comparison between the PHS® and Lichtenstein
mesh also showed no treatment effect for any of the eight SF-36 health status dimensions, although
less pain was reported on the day of surgery for patients having the PHS®10. Open hernia repair has
been compared to the laparoscopic approach. In a meta-analysis of such randomized clinical trials, there
were advantages for laparoscopic repair11. However, the operating time was signifi cantly longer, perhaps
refl ecting a learning curve, and this is a clinically important difference. Overall, the present study showed
reasonable results for surgeons with a learning curve of only fi ve procedures, in a teaching hospital.
The main drawback for all inguinal hernia studies is the measurement and grading of pain. Pain is a complex
phenomenon that is inadequately measured with a one-dimensional scale such as the VAS pain score or by
recording the number and type of analgesics. Subjective pain assessment may not be suitable to distinguish
the sensory changes that result from different operative techniques, as this measurement includes patients’
perception of pain. On the other hand, most studies have used the VAS pain score because it is a simple
way to monitor pain. None of the operative fi ndings, such as hernia anatomy or defect size, was related
to pain perception, as reported previously12. Of the patient characteristics, age was signifi cantly related
to chronic pain. This re-emphasized that young age is an independent factor related to chronic pain, as
2 weeks
3 months
15 monthss
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reported by others2,13,14. The importance of postoperative pain is that it can signifi cantly infl uence the quality
of life; postoperative pain is a risk factor for persistent groin pain15.The results of the present study showed a
signifi cant relationship between the total VAS pain score during the fi rst 14 days and the pain score at long-
term follow-up. Early postoperative pain intensity reliably predicts the likelihood of chronic groin pain. 
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Introduction
Inguinal hernia repair is one of the most commonly performed procedures worldwide, so much effort
has been devoted to developing techniques with minimal inconvenience. Nowadays, these techniques
use a mesh for tension-free repair, lowering the risk of recurrence, the main complication that occurs.
Pain, however, is surpassing recurrence as the primary complication of inguinal hernia repair. Reported
incidences of chronic pain (28.7%1 - 75.5%2) are higher than incidences of recurrences (4.9% for non-
mesh and 2.0% for mesh repair in meta-analysis3). The devastating infl uence of especially severe pain on
daily activities has been noted1, so it is important to decrease pain rather than run the risk of recurrence as
a complication after inguinal hernia repair.
There is an ongoing discussion about whether the laparoscopic approach can achieve this goal. Some
authors concluded that this issue has been resolved because no differences were shown in their study4.
On the other hand, individual patient data analysis of trials comparing laparoscopic and open hernia repair 
implied a substantial benefi t for persisting pain in favor of laparoscopy5. Nevertheless, these reports have not
settle the matter. Especially for primary unilateral inguinal hernia, the disadvantages of consuming operating
room time, the need for general anesthesia, the costs, and the risk of serious complications of laparoscopic
repair still make open mesh repair the fi rst choice6. In this fi eld, various new prosthetic materials and devices
have been developed. But so far, these refi nements have not been shown to infl uence mid-term patient
comfort7,8. Long-term results showed 5.8% pain in the mesh plug group in the study by Kingsnorth and
colleagues9. No differences were demonstrated in the randomized clinical trial comparing the Lichtenstein
method, mesh plug repair and the Prolene® Hernia System10. The problem of postoperative pain was
stressed in that report. 43% of the group studied was found to have pain complaints. 
In an attempt to clarify the nature of chronic pain after open anterior mesh repair and identify the risk factors
for its development, the previously mentioned group was scrutinized in detail. The aim of the this study
was to describe clearly the extent of the long-term pain problem as a reference for future comparisons
with newer devices.
Methods
Between April 2001 and March 2003, 334 adult patients with primary unilateral hernia gave informed
consent and were blindly and randomly allocated to receive one of the three open hernia repairs: Prolene®
Hernia System, mesh plug repair or the Lichtenstein procedure. Detailed methodology has been reported
previously10.
Data on patient characteristics, hernia and procedure were collected. Patients were asked to express
their pain on a Visual Analogue Scale (VAS) each day during the 2eks after the operation. This VAS is a
100-mm line on which 0 represents no pain and 100 the most severe pain. For late follow-up, all participants
received a postal questionnaire, which again contained a VAS for pain measurement. A score of less than
10 was graded as mild pain, a score between 10 and 50 as moderate, and a score greater than 50 as
severe pain. This classifi cation was made according to Page and associates2. Participants were also asked
to describe their pain in terms of neuropathic pain (caused by nerve damage) or nociceptive pain (caused
by tissue damage). For that purpose, seven terms in both pain categories were given. There were also
questions about numbness and prosthesis awareness described as bulging in the operated groin.
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Patients received the questionnaire approximately 1 year after operation. Non-responders were encouraged
to participate by telephone contact. Eventually, this late follow-up took place after a median of 15.4 (range
7-33) months. During this interval, one patient died. The postal questionnaire was completed by 319 of 
333 (95.8%) patients.
For analysis, information gathered at the beginning of this study about the patient (age, body mass index
[BMI], employment status, and duration of existence of the hernia), about the procedure (duration, type
of hernia, level of experience of the operating surgeon) and the direct postoperative VAS pain scores, was
compared with the long-term outcomes of the VAS and pain terms. Long-term results were also compared
mutually. For ordinal data, Pearson χ2 and Fisher’s exact test were used. Spearman correlations were used
to analyze factors in the total pain score. Signifi cance was established at P < 0.05).
Results
Pain
The VAS pain score at late follow-up (chronic pain) inversely correlated signifi cantly with age (R = 0.267,
P < 0.001) and BMI (R = 0.166, P = 0.005). Chronic pain also correlated with pain felt during the fi rst
2 weeks postoperatively (R = 0.253, P < 0.001) (Table 1). 
Table 1 Chronic pain correlations
R
- 0.267
- 0.166
0.020
- 0.070
- 0.015
- 0.031
0.253
P value
< 0.001
0.005
0.744
0.220
0.793
0.585
< 0.001
Age (years)
Body Mass Index (kg/m2)
Duration of complaints preoperatively (months)
Duration of operation (min)
Length of incision (cm)
Hernia defect size (cm)
Pain during the fi rst 2 weeks postoperatively 
(Visual Analogue Scale score)
Chronic pain (Visual Analogue Scale score)
Spearman correlations, with correlation value R and P value.
Overall, chronic pain was reported signifi cantly more by those younger than 50 years old and working
patients (P < 0.001 and 0.019, respectively) (Table 2). More patients with a BMI lower than the 50th
percentile (25 kg/m2) suffered chronic pain (P = 0.059). The anatomy of the hernia did not infl uence
the presence of chronic pain. Nor were the procedure-related parameters signifi cantly related, although
more patients who underwent the procedure under spinal anesthesia reported no chronic pain compared
to the patients with general anesthesia (P = 0.073). On multiple regression analysis, age was the only
independent factor affecting chronic pain (P < 0.001) and the BMI was nearly another independent factor 
(P = 0.056).
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Chronic pain was reported in 138 of the 319 (43.3%) patients. In 20 (14.5%) patients, pain was severe
(VAS score greater than 50), and 68 (49.3%) patients reported moderate pain (VAS score 10 to 50).
Discomfort was regarded as mild (VAS score less than 10) in the remaining 50 (36.2%) patients. The
severity of pain was higher in younger patients (P = 0.045).
Table 2 Proportion of patients with chronic pain
No chronic pain, n
47
134
85
76
96
85
88
93
100
78
124
55
100
77
52
126
87
94
128
49
Chronic pain, n
66
72
76
45
90
48
76
62
74
61
93
42
79
55
33
103
71
67
87
49
P Value
0.000
0.059
0.019
0.512
0.639
0.579
0.375
0.198
0.314
0.073
Patient
parameters
Hernia
parameters
Procedure
parameters
Age, y (n = 319)
 < 50
 > 50
Body mass index, kg/m2 (n = 282)
 < 25
 > 25
Employment (n = 319)
 Yes
 No
Hernia side (n = 319)
 Right
 Left
Hernia type (n = 313)
 Direct
 Indirect or combined
Defect size, cm (n = 314)
 < 3
 > 3
Duration of procedure, min (n = 311)
 < 45
 > 45
Experience surgeon (n = 314)
 < 5 procedures
 > 5 procedures
Experience team (n = 319)
 Only trainees
 With staff surgeon
Anesthetic technique (n = 136)
 Spinal
 General
Number of patients in each group, Fisher’s exact test used, P value noted
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Wound numbness
A total of 297 patients completed the section in the questionnaire on wound awareness (93.1%). Almost half 
the patients (143 of 297) did not report any numbness in groin or thigh or awareness of a bulging. Their reported
long-term VAS pain score (mean 5.7 + 14.4) was signifi cantly lower (P < 0.001) than the score of patients who
suffered numbness (mean VAS 22.1 + 24.1). Patients older than 50 years reported signifi cantly less numbness,
awareness of the prosthesis or both than their younger counterparts (P < 0.001, Fisher’s exact test).
Pain descriptions
Nineteen patients used a total of 20 pain descriptions, even though their long-term VAS pain score was
zero. Another 9 patients who reported chronic pain did not use any word to describe it. The remaining 129
patients with chronic pain used a total of 192 descriptors. More neuropathic (n = 105) than nociceptive
pain (n = 87) was reported (Table 3). 
In the group of patients with severe pain, more words were used per patient than in the other groups
(2.00 versus 1.10 and 1.43). More specifi cally, there was a signifi cant correlation between the number of 
words used and the long-term VAS pain score (R = 0.389, P < 0.001). The patients using only neuropathic
descriptions (n = 56) suffered a signifi cantly more intensive pain (VAS 26.5 versus 16.6, P = 0.014) than
those only using nociceptive words (n = 47).
Table 3 Pain descriptions
Mild chronic pain 
(n = 50)
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1
4
1
0
11
7
0
31
3
0
0
19
0
3
6
55
1.10
Moderate chronic pain
(n = 68)
58
10
10
7
0
26
5
0
39
8
0
1
26
0
3
1
97
1.43
Severe chronic pain
(n = 20)
23
5
5
2
0
8
3
0
17
3
2
1
8
0
3
0
40
2.00
Neuropathic, n
  Arching
  Burning
  Cutting
  Electric shock
  Stabbing
  Prickling
  Itching
Nociceptive, n
  Gnawing
  Throbbing
  Pulling
  Tender
  Drilling
  Pounding
  Sickning
Total, n
Words per patient, n
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Discussion
To reduce pain following hernia inguinal hernia repair, it is of great importance to improve the insight into this
complication. For that reason, the contribution of patient characteristics, hernia type, and open anterior procedure
details to chronic pain was analyzed in this study. A univariate analysis revealed age, employment status and BMI
as contributors. Age was found to be the only notable determinant of long-term pain in a multivariate regression
analysis. Hernia type, defect size, surgeon degree or experience, operating time, length of incision, and choice
of spinal or general anesthesia were of no signifi cance. Direct postoperative pain increased the intensity of 
chronic pain. Patients with numbness reported considerably more intense and frequent pain. Patients with
severe chronic pain used more words, especially neuropathic ones, to describe their pain.
The value of these results is determined by the interpretation of pain. In this study, pain was measured by a
Visual Analogue Scale score. The decision to classify VAS score into mild, moderate and severe was, for the
convenience of comparison, taken from the study by Page and coworkers2. They found a greater proportion
of patients had mild pain on moving (55.9% versus 15.7%). In the moderate group, the numbers were
comparable (20.1% and 21.3%), and for the severe pain group, the reported percentage was lower 
(2.5% versus 6.3%) The authors stressed the arbitrariness. In this report, the same pain contributors were
found in the analysis of true VAS scores instead of pain categories. Nevertheless, the VAS score seemed
more detailed than simply asking whether pain is present1, or giving choices11, notwithstanding the fact
that all are one-dimensional in reporting pain. Even with the additional questions on pain descriptions, the
measurement was not perfect. Bias could also be induced through a postal questionnaire as a method of 
collecting data. Although most reports on pain after hernia repair used this method, it remains uncertain
whether it is as reliable as follow-up at a clinic. In view of the high follow-up rate of 96%, the authors do not
expect an overestimation of the proportion of patients with pain. The reported pain was regarded as chronic
because the follow-up was far beyond 3 months, the period regarded as the normal tissue healing time.
Accepting these limitations of the reported measurement of pain, age was found to be an obvious
determinator of chronic pain, and most authors have agreed 1-2, 12-13. But, this result should be regarded
with strong suspicion. Instead of a lower intensity of chronic pain, it could be a refl ection of age-related
changes in the quality of pain. In other studies, increasing age has been associated with a higher frequency
of incomplete or unscorable responses on the VAS compared with other measures of pain intensity14.
For that reason, verbal descriptors of pain were also investigated; these were used less frequently by older 
patients (P = 0.011). So an age-related pattern in pain was found. But this should not be translated directly
into lower intensity of pain with older patients.
The correlation of chronic pain with the state of employment seemed to be logical from the starting point
that more elderly people were retired. The relation with their BMI seemed to be less logical. Poobalan and
associates12 reported a relationship, though not pronounced, between pain and BMI. Their explanation was
the possibility of diffi culties in identifying the ilioinguinal nerve in patients with a higher BMI. The authors
of this study consider the association of the BMI with chronic pain a coincidence. Like others, we found
no major infl uence on the risk of chronic pain for type of hernia2 or defect size, experience or degree of 
the operating team11-12, length of incision, and operating time. The trend of less chronic pain reported by
patients who underwent the repair under spinal anesthesia could be determined by age as these patients
were signifi cantly older (P < 0.001). Direct postoperative pain increased the intensity of chronic pain. This
has been reported previously10,15-16.
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An association between sensory disturbance and chronic pain was found; numbness was reported
considerably more often by patients with pain. This has been reported previously1-,15. Patients with
severe chronic pain used more words, especially neuropathic ones, to describe their pain. Poobalan and
colleagues12 found no association between the type of pain and severity. Among the words used, they
reported stabbing, burning and aching. These seemed comparable to the present fi ndings, in which the
most frequently used words were tender, stabbing and burning. In other detailed reports, the following
words were used most frequently: aching, throbbing and stabbing11, and tender, shooting and prickling1.
Although there is a mix of nociceptive pain (related to tissue injury) and neuropathic pain, the latter 
is predominant in this study and in the three studies mentioned previously. Along with the numbness,
these fi ndings underlined the suggestion that pain from nerve damage is a concern. Despite attention to
meticulous surgical technique, however, neuropathic pain continues to embarrass patient and surgeon
alike. In theory, less pain might follow preperitoneal mesh placement through approaches that don’t disturb
the inguinal canal. This report, however, does not contribute to the discussion of laparoscopic versus
open hernia repair; these results relate only to open anterior repair. This is still the most frequently used
approach, so these results apply to the largest group of hernia repaired patients.
In conclusion, chronic pain after anterior mesh hernia repair is determined by younger age and more intense
direct postoperative pain. Especially in cases of neuropathic chronic pain, more words were used to describe
the pain, and its intensity was aggravated when numbness was present. With the limitations of the pain
measurement tools used, these results apply to the largest group of hernia repair patients. One can hypothesize
that aggressive postoperative pain relief could affect chronic pain intensity and frequency. More research should
settle the problem of tackling chronic pain. Whether pain measurement in the elderly can be optimized using
appropriate means is a matter for more debate. Additional studies should not focus on other demographic
and operative details, but rather on other infl uential factors such as surgical approach, preservation of nerves,
and different anesthetic techniques, and may involve more objective pain measurement.
Randomized trial PHS, MPR and L: long-term
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Introduction
Inguinal hernia is a common condition. Its repair is one of the most frequently performed operations in
general surgery and, as such, even minor alterations in outcome have an appreciable impact. Such an
alteration has been seen in the recurrence rates. The methods that omit the use of a prosthesis are used
less frequently, as they have been shown to have signifi cantly more recurrences1. For the anterior approach,
different variations of mesh-based repair have been developed. These variations are increasingly the subject
of studies focusing on postoperative pain, as the importance of pain is becoming more prominent2,3.
However, pain might not be the only determinant for choosing the appropriate technique. The ease of 
handling also plays a role. First, if a procedure requires less dissection through simple placement, it might
reduce postoperative pain. Second, a simple technique is convenient in view of the huge number of 
repairs performed annually. Third, hernia repair is probably one of the fi rst procedures a surgeon in training
performs. Teaching aspects are important as they determine the learning curve, e.g., the long learning curve
is frequently mentioned as a disadvantage of the laparoscopic approach. The widely used Lichtenstein
technique (L), the Prolene® Hernia System (PHS) (Ethicon Inc, Somerville, NJ), and mesh plug repair 
(MPR) are commonly used in open inguinal hernia repair. In the teaching setting, it is highly advisable
to limit the availability of mesh-based repairs. For that purpose, a patient blinded, randomized controlled
trial between these mesh-based repairs was designed. The aim was to sound out surgeons’ preferences.
This report focuses on the reasoning behind the surgeons’ choice of one particular mesh-based repair.
Methods
Patients
Patients 18 years or older with unilateral inguinal hernia were eligible for the study. Exclusion criteria were
failure to consent to randomization and recurrent hernia. The study was approved by the local research
and ethics committee. A total of 334 patients were randomized between April 1, 2001, and March 31,
2003, to receive a hernia repair with the PHS, MPR, or L. Randomization was done by sealed envelope with
computer-generated random allotment. The patients were provided with a detailed information leafl et but
were blinded to the type of technique they would receive. After the operation, the patients were discharged
when ambulatory. Most stayed less than 24 hours in the hospital. No restrictions of mobility or exercises
were given.
Data collection
Data were collected according to standardized preprinted forms. Collected data were divided into information
on the patients, the hernia, the operation, the operating team, and the outcome. Data on the patients included
age, male-female ratio, and body mass index. Information on the hernia related to the anatomy and the size
of the defect (classifi ed according to the Aachen classifi cation4). The distribution of these data between the
groups is shown in Table 1. The operative fi ndings, including duration of the operation, length of incision, and
the technique of anesthesia, were noted immediately after the procedure was done. The operating team
noted their grades and experience and fi lled out a visual analog scale (VAS) score on diffi culty and satisfaction
with the technique. The VAS is a 100 mm line with the limits written at the ends, e.g., from easy to diffi cult.
Outcome included perioperative complications, wound infections, and recurrences.
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Table 1 Characteristics and operative fi ndings of the 334 patients
PHS (n = 111)
54.9
107/4
24.4
56
34
10
13
55
32
69
31
MPR (n = 113)
54.0
111/2
24.6
55
35
10
13
55
32
66
34
L (n = 110)
52.8
106/4
24.5
57
33
10
7
67
26
72
28
Age, mean, y
Sex, n, M/F
BMI, mean
Hernia anatomy, %
 Indirect
 Direct
 Combined
Defect size, %
 < 1.5 cm
 1.5 - 3 cm
 > 3 cm
Anesthetic technique, %
 Spinal
 General
Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); L, Lichtenstein technique;
MPR, mesh plug repair; PHS, Prolene® Hernia System (Ethicon Inc,Somerville, NJ).
Surgical technique
This study was carried out in a single teaching institution, where approximately 300 patients with hernias
are treated each year. Operations were performed by staff as well as surgical trainees. Surgeons who had
performed more than 5 procedures were considered experienced. At least 1 member of the operating
team had to have such experience. The Lichtenstein operation was performed as described by Amid et al.5
A 6 × 11 cm polypropylene mesh (Prolene; Ethicon Inc) was trimmed to match the size of the inguinal
fl oor if necessary. A nonabsorbable suture (3-0 polypropylene) was used caudally and an absorbable
suture (3-0 polyglactin) was used cranially to secure the mesh. The MPR operation was performed as
described by Robbins and Rutkow6. The inserted plug (Perfi x; Davol Inc, Murray Hill, NJ) was fi xed with
interrupted absorbable sutures (3-0 polyglactin). For both direct and indirect hernia, the fl at mesh was
placed sutureless on the anterior surface of the posterior wall. Lateral to the spermatic cord, the split section
was sutured. For the technique of the PHS®, the preperitoneal space was opened. The circular mesh was
placed beneath and the fl at mesh above the transversalis fascia. The superfi cial part was fi xed cranially,
caudally, and medially with absorbable sutures (3-0 polyglactin). As in the Lichtenstein repair, an aperture
for the spermatic cord was made in the outer mesh. According to the standardized protocol, all patients
received a nonsteroidal anti-infl ammatory drug and a tranquillizer just before the operation. Prophylactic
antibiotics were not used. Surgeons were instructed to make the incisions as small as possible, as this
was an indirect measure of the perceived diffi culty of the procedure. If the ilioinguinal, iliohypogastric, or 
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genitofemoral nerves were encountered, they were preserved. The hernia sac was not ligated, unless it was
a large scrotal one. If a medial suture was required, it was not placed too deeply, to prevent injury to the
periosteum of os pubis. After closure of the external oblique and, if necessary, Scarpa fascia, the skin was
closed with a subcuticular absorbable suture (4-0 poliglecaprone 25 [Monocryl; Ethicon Inc]). 
Statistical analysis
The sample size was calculated on the basis of the primary end point of postoperative pain. We estimated
that a sample of 108 patients in each group would have 90% power to detect a difference in VAS score
on postoperative pain of 10 with a 2-sided test. For demographic and operative data, the independent
τ test and Pearson χ2 test were used. Wilcoxon signed rank test was used for analysis of the operative
fi ndings. Spearman correlations were used in analyzing factors of the surgeons’ VAS scores on diffi culty and
satisfaction. A criterion of P < 0.05 was used for statistical signifi cance.
Results
The outcomes according to technique used are given in Table 2. The L technique took signifi cantly the
longest operating time (P < 0.001 for both comparisons) from skin to skin. The MPR required a slightly
smaller incision (P = 0.44 compared with PHS and P = 0.25 compared with L). The operating surgeons
regarded the PHS and L as signifi cantly more diffi cult than the MPR (P < 0.001 for both comparisons).
The overall surgeon satisfaction was signifi cantly greater for the MPR (P < 0.001 for both comparisons).
In addition, a signifi cantly higher score on satisfaction was noted for L compared with PHS (P = 0.02). 
Table 2 Surgeon’s performance per technique used*
Operating time,
skin to skin, min
42
41
52†
Length of incision,
cm
6.5
6.0
6.6
Perceived diffi culty,
VAS score
45
28†
40
Surgeon’s satisfaction, 
VAS score
68
81†
74‡
PHS (n = 105)
MPR (n = 124)
L (n = 105)
Abbreviations: L, Lichtenstein technique; MPR, mesh plug repair; PHS, Prolene® Hernia System (Ethicon Inc, Somerville, NJ); VAS, visual
analog scale. * Numbers of patients differ from those in Table 1 because they represent procedures actually performed rather than allocation.
Data given are means. †  P< .001 for both comparisons.  ‡ P = .02 vs PHS.
The results in the preceding paragraph refl ect the techniques actually performed, including converted
techniques. The operating team converted to another method in 13 patients. One patient allocated to the
L group received the PHS because of an additional femoral hernia. One operating team regarded the PHS
not to be appropriate for a totally insuffi cient posterior inguinal wall and used the L technique. Eleven times
the MPR was preferred to the randomly allocated treatment, 5 in the L group and 6 in the PHS group.
Reasons mentioned for this deviation were that the proposed technique was too diffi cult, the defect was
too small, and the surgeon wished to instruct a resident in the MPR technique (Figure). 
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Figure 1 Flow diagram of converted repairs.
Randomized (n = 344)
MPR (n = 113) L (n = 110)PHS (n = 111)
MPR (n = 124) L (n = 105)PHS (n = 105)
6x
1x
5x
1x
® Hernia System (Ethicon Inc, Somerville, NJ); MPR, mesh plug repair; and L,
Lichtenstein technique.
Thirty surgeons were involved: 22 surgeons in training and 8 staff members. If the operating surgeon
had experience of less than 5 procedures, L was regarded more diffi cult than MPR (P = 0.04). Also, the
L took longer to perform (P = 0.02 compared with MPR and P = 0.005 compared with PHS). Overall, the
surgeons with more than 5 procedures’ experience rated the repairs less diffi cult and were more satisfi ed
(P < 0.001 and P = 0.002, respectively). If a staff member was on the operating team, the repair was
performed on average 3 minutes faster (P = 0.051) and a larger incision was used (P = 0.13) (Table 3).
Table 3 Infl uence of the experience of operating surgeon and composition of the operating team on
procedure-related variables*
Operating time,
skin to skin, min
47
44
46
43
Length of 
incision, cm
6.3
6.4
6.0
6.7
Perceived diffi culty,
VAS score
47
33
36
37
Surgeon’s satisfaction, 
VAS score
70
76
75
74
Experience fi rst 
surgeon
  < 5 Procedures
(n = 91)
  > 5 Procedures
(n = 243)
Operating team
  2 Residents 
(n = 135)
  Resident with 
staff member
(n = 181)
Abbreviation: VAS, visual analog scale. * Data given are means.
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Table 4 Complications
PHS, n
1
12
0
13
MPR, n
1
10
0
11
L, n
3
8
1
12
Hematoma requiring reoperation
Wound infection
Recurrence
Total
Abbreviations: L, Lichtenstein technique; MPR, mesh plug repair; PHS, Prolene Hernia System (Ethicon Inc, Somerville, NJ).
Two perioperative complications in the PHS group were treated conservatively: 1 patient incurred an
accidental lesion of the vas deferens and 1 patient was readmitted on the fourth postoperative day to the
hospital because of endocarditis. Other complications are given in Table 4. No signifi cant differences in VAS
scores on patients’ satisfaction with the treatment they received after 3 months were seen (85 for PHS,
83 for MPR, and 83 for L). The size of the defect or anatomy of the hernia did not infl uence the results
of the VAS scores on diffi culty and surgeon satisfaction with the procedure (Table 5). The higher the body
mass index, the longer the operation took (P = 0.002) and the larger were the incisions made (P = 0.05).
Repairs were regarded as more diffi cult (P = 0.004) and less satisfactory (P = 0.04) with higher body
mass index.
Table 5 Diffi culty and satisfaction scores in relation to anatomy of hernia*
Direct hernia
46
30
40
68
80
75
Indirect hernia
42
24
40
68
82
75
Combined hernia
53
29
39
70
81
74
Perceived diffi culty, VAS score†
  PHS
  MPR
  L
Surgeon’s satisfaction, VAS score‡
  PHS
  MPR
  L
Abbreviations: L, Lichtenstein technique; MPR, mesh plug repair; PHS, Prolene® Hernia System (Ethicon Inc, Somerville, NJ); VAS, visual
analog scale. * Data given are means. † Higher scores indicate more diffi culty. ‡ Higher scores indicate more satisfaction.
Comment
In summary, this study prospectively compared the operative aspects of the techniques of Lichtenstein,
Prolene® Hernia System, and Mesh plug repair in a teaching setting. The MPR turned out to be signifi cantly
superior in scores on diffi culty and satisfaction. If an operating team was not satisfi ed with the allocated
technique, MPR was the favorite alternative. Both MPR and PHS took signifi cantly less operating time than
L. This study distinguished itself from other reports by also recording VAS scores on diffi culty and satisfaction
according to the surgeon. One report on a randomized controlled trial between L and MPR found a 5.6-
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minute savings in operating time and a smaller incision for MPR compared with L. Moreover, the L group
experienced signifi cantly more postoperative complications.7 Comparable outcomes were reported by
Bringman et al.8 in favor of MPR. In that retrospective study of 1032 hernia repairs, the 2 most frequently
used techniques were PHS and MPR9. Both procedures took approximately the same time to perform
(approximately 26 minutes) for surgeons who had at least 5 procedures’ experience. Shorter operating
times were also noted in a comparative study between PHS and L. The PHS was performed in 4 minutes
less and with a similar incision size as that used for L (7.6 and 7.8 cm, respectively)10. This study showed
little infl uence of seniority or experience of the operating team on the operating variables. The assumption
that a surgeon can be termed experienced after 5 procedures is rather arbitrary. A higher cutoff point would
theoretically result in better outcomes for the experienced ones. Our results emphasized that, according
to the operating teams, all 3 mesh-based repairs can be used for all sizes and types of hernia in terms of 
diffi culty and satisfaction. The operating aspects were infl uenced only by the body mass index. A higher 
body mass index correlated with worse outcomes. Yet, there are more aspects of hernia repair from an
educational point of view. The evaluation of residents’ ability to perform a hernia repair is subject to a
mentor’s preferences. In a similar way, the surgeon’s preference for one repair may affect the view of a
surgeon in training. The evolution of teaching of technical skills away from this apprenticeship-based activity
toward structured programs should be encouraged11. In a group of 30 different surgeons and even more
different combinations of operating teams, this bias should be minimized. This study showed the MPR 
to be more user-friendly than PHS and L, with a comparable complication rate. The outcomes were not
related to the surgeon, the anatomy of the hernia, or the defect size. Body mass index had a negative effect
on the surgeon’s performance. If recurrence and complication rates of these mesh-based repairs remain
comparable, this report will be of benefi t in choosing the standard in a teaching setting. 
Randomized trial PHS, MPR and L: preference
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Introduction
There is a growing interest in the use of local anaesthesia for inguinal hernia repair. Previous studies have
demonstrated its feasibility in an outpatient setting1-3. Several randomized controlled trials have demonstrated
it to be a reasonable alternative to spinal/epidural and general anaesthesia4-7. In several studies, however,
intravenous administration of midazolam and/or fentanyl was used, which necessitates monitoring and the
presence of anaesthetic personnel2-3, 6-8. Although no serious events have been reported, this approach may
be less suitable for high-risk patients, like the elderly: there may be adverse effects following intravenous
medication, and there are additional preoperative demands, such as diabetes. 
In elderly patients in whom pain is usually inversely related to age, it was deemed feasible to omit monitoring when
intravenous sedation was not given. In addition less preoperative preparation would be necessary. Therefore a
prospective trial investigating the use of Mesh Plug inguinal hernia repair under local anaesthesia without intravenous
sedation and without monitoring vital functions was planned. The primary aim was to evaluate the feasibility in terms
of procedure related complications, secondly, the outcome in terms of postoperative pain and quality of life. 
Patients and methods
Patients
Patients with a unilateral inguinal hernia were eligible for the study. They were provided with a detailed information
leafl et on the study. The anaesthetic technique was chosen according to their request. Patients from the elderly
population and those with extensive co-morbidity were encouraged to choose local anaesthesia, except in the
case of a large scrotal hernia. Between January 2002 and October 2003, 84 consecutive patients underwent the
repair under local anaesthesia. A total of 62 patients met the inclusion criteria (age of 65 or more and informed
consent) for prospective evaluation and their characteristics are shown in table 1. 
Table 1 Patient characteristics
N = 62
76.8 (range 65-89)
58:4
50:12
12 (19%)
15 (24%)
13
2
31 (50%)
19
4
8
5 (8%)
4
1
20 (32%)
7
6
1
7
Age (median in years)
Sex ratio (M:F)
Hernia ratio (primary:recurrent)
Co-morbidity (proportion in %)
 None
 Lung disease
   Chronic obstructive pulmonal disease
   Asthma
 Cardiovascular disease
   Ischemic heart disease
   Heart failure
   Heart rhythm disorders
 Cerebrovascular disease
   Cerebrovascular attack
   Transient ischeamic attack
 Internal disease
   Hypertension
   Diabetes mellitus
   Rheumatic arthritis
   Carcinoma
46
Chapter 4
Data collection
This study was carried out in a large teaching hospital. Operations were performed by staff as
well as resident surgeons. All procedures were done or supervised by a surgeon with more than
five procedures experience. Procedure-related events (such as conversion to general anaesthesia,
urinary retention or haematoma) were noted. For pain assessment during the first two weeks
after the operation, the patients were given instructions to record pain on a visual analogue scale
(VAS) together with the number of analgesics consumed. The VAS is a 100-mm line on which
0 represented no pain and 100 the most severe pain. The total VAS score was the addition of 
fourteen VAS day scores. To assess quality of life patients were also asked to complete a Short Form
36 (SF-36) before and 14 days after the operation. The answers of 35 items were transformed
into 100-point scales for eight dimensions of health. One single item produced the score in the
dimension on change in health over the last year. The lower the SF-36 score, the greater the adverse
impact on the dimension being assessed. 
The patients were contacted by telephone two weeks postoperatively for registration of wound or 
other problems by one of the surgeons. A questionnaire was sent to all patients including VAS score
on pain and discomfort and another SF-36 for registration of mid-term results.
Surgical techniques
According to the standardised protocol, all patients received a rectal administration of a non-steroidal
anti-infl ammatory drug (NSAID) and a tranquillizer (Diazepam) just before the operation. As patients
were allowed to have normal oral intake, no preparation was necessary for diabetics. Prophylactic
antibiotics were not used. A mixture of 0.5 ml/kg of 0.5% lidocaine and 0.125% bupivacaine was
injected for local anaesthesia according to the protocol by Amid et al1. Approximately 20 ml was
injected before the operation; another 10 ml was administered peroperatively. 
After disinfection, an oblique 4 to 7 cm incision of the epidermis, overlying the internal ring, was
made. If the ilioinguinal, iliohypogastric or genitofemoral nerves were encountered, they were
preserved. The hernia sac was not ligated. The procedure of choice was the Mesh Plug Repair based
on the institution’s experience and others9-10. The operation was performed as described by Robbins
and Rutkow11, except that the onlay patch was fixed medially, as advocated by others12. After closure
of the external oblique and, if necessary, Scarpa’s fascia, the skin was closed with a subcuticular 
absorbable suture. 
The most important part of the local procedure was the care of the patient by any nurse. The nurse
kept in contact continuously with the patient, to distract his/her attention or interact for testing if 
necessary. Most patients stayed overnight, as it was the hospital’s economic policy to perform such
procedures in a short-stay department. No restrictions for mobilization were given. Postoperative
analgesia was with standard Paracetamol. A NSAID was used for escape.
Statistical analysis
The correlation between variables was estimated with Pearson’s test for linear regression (continuous
variables) and comparison between groups with Student’s t-test, as appropriate. A P value of 0.05 was
considered as signifi cant.
Prospective trial MPR: local anaesthesia
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Results
None of the 62 procedures were complicated by any side effects due to the anaesthetic technique or any
other procedure-related complication. No conversion to general anaesthesia was necessary. No haematoma
requiring a re-operation was encountered. The VAS score for satisfaction was 8.4 (SD = 2.8) for the
procedure. More than half the procedures were performed by residents (59%). All but three patients would
recommend this procedure (94.4%).
The short-term results (two weeks) were gathered from 61 patients (98%). By the follow-up, at a mean of 10.7
months (SD = 6.5), two patients died. Mid-term results were gathered from 54 out of 60 patients (90%).
The quality of life as measured with the SF-36 was comparable between pre- and two weeks postoperative
(Table 2). No statistically signifi cant differences were found for the fi rst eight dimensions. After a mean
period of ten months, most scores on the different scales were improved in comparison to the preoperative
values. Statistically signifi cant differences were found for physical and emotional role and pain (Table 2).
Table 2 Quality of life
Dimension
Physical functioning
Social functioning
Role functioning
Role emotional
Mental health
Vitality
Pain
General health
Health change
Moment
preoperative
short-term
mid-term
preoperative
short-term
mid-term
preoperative
short-term
mid-term
preoperative
short-term
mid-term
preoperative
short-term
mid-term
preoperative
short-term
mid-term
preoperative
short-term
mid-term
preoperative
short-term
mid-term
preoperative
short-term
mid-term
Mean (SD)
60.5 (26.0)
72.8 (25.4)
65.4 (29.8)
74.7 (24.4)
72.1 (25.7)
83.0 (25.6)
51.1 (44.5)
39.9 (40.9)
76.1 (38.3)
66.7 (44.5)
61.0 (45.8)
97.9 (10.8)
75.7 (19.7)
78.7 (17.5)
81.6 (14.3)
66.4 (16.5)
65.9 (21.0)
68.4 (16.9)
65.6 (24.5)
65.7 (21.2)
90.8 (17.2)
62.0 (22.3)
61.8 (21.5)
59.9 (22.9)
47.3 (14.0)
50.5 (16.1)
53.2 (20.6)
Difference
2.2
4.9
- 2.7
8.2
- 11.2
25.0
- 5.7
31.2
3.0
5.9
- 0.5
2.0
0.9
25.2
- 0.2
- 2.2
3.2
5.9
P value
0.483
0.253
0.354
0.106
0.144
0.001*
0.394
0.000*
0.217
0.065
0.812
0.488
0.982
0.000*
0.919
0.547
0.110
0.109
Quality of life assessed by Short Form 36, for 54 patients who completed all three SF-36, differences in dimension scores compared to the
preoperative score, * = signifi cant with P < 0.05
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Pain measured with the Visual Analogue Scale showed a tendency to decrease over the fi rst two weeks
(Fig. 1). There was no difference in pain score between the patients who did not use any analgesia
(34%), only Paracetamol (53%) or with a NSAID (13%). In this study group of mostly older patients, age
was not signifi cantly related to pain. The total pain score at fourteen days impaired the quality of life two
weeks postoperatively. Negatively correlated were physical (R = 0.34, P = 0.005) and social (R = 0.28,
P = 0.023) functioning, physical (R = 0.29, P = 0.018) and emotional (R = 0.32, P = 0.008) role and the
dimension of pain (R = 0.71, P < 0.001).
Figure 1 Mean VAS score versus postoperative day
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32 out of 54 patients reported to have no pain in the inguinal region at the mid-term follow-up (59.3%).
A total of 12 patients suffered a mild pain (VAS between 0 and 3). Moderate pain (VAS between 3 and 5)
was reported by nine patients and one patient suffered severe pain. The presence of this mid-term pain
lowered the SF-36 scores (not signifi cantly). The direct postoperative pain scores did not correlate with
these results at mid-term.
Discussion
The results of this study indicate that the Mesh Plug Repair under local anaesthesia without intravenous
medication is an acceptable alternative for the elderly population. There were no procedure-related
complications. The SF-36 scores to assess quality of life improved signifi cantly postoperatively.
22 out of 54 patients still reported pain nearly one year after the operation. For one patient this pain was
regarded severe. This is a serious complication, although comparable to other reported pain incidences13.
In the transition to local anaesthesia as the preferred technique in inguinal hernia repair, several investigators
added an intravenous administration of midazolam and/or fentanyl. In the study of Gönüllü, 50 patients were
randomized to local and general anaesthesia; a maximum dose of 5 mg midazolam was used in the local
group6. In another study, the patients received midazolam and fentanyl for sedation as well as 1-1,5 l of 
Prospective trial MPR: local anaesthesia
49
Ringer’s lactate solution during the operation7. These 47 patients were monitored by electrocardiography,
pulse oximetry, blood pressure and pulse. In a larger study, patients who required sedation or analgesia during
surgery under local anaesthesia were given 1ml intravenous increments of a mixture containing midazolam
and fentanyl5. In a fourth study, local anaesthesia was supplemented by intravenous medication of midazolam
and monitored by pulse oximetry in 2906 patients3. A consultant anaesthetist supervised sedation in all
patients older than 70 years or with co-morbidity. In none of the above-mentioned studies were serious
events encountered. However, monitoring was used in all the above studies, as intravenous administration of 
midazolam or fentanyl may have side-effects. Callesen et al.2 treated a total of 1000 patients under local
anaesthesia. A small incremental dose of intravenous midazolam was used, without monitoring. Although the
American Society of Anesthesiologists recommends monitoring, in that study the authors chose not to
because in their organization anaesthetic personnel was readily available in case of problems or emergency. 
In the present study there was no issue of liability as no monitoring is obligated when no intravenous
medication is used. Therefore no operation theatre space was occupied. Moreover, as patients were
allowed to have oral intake, no additional preparation was required in case of diabetes. These gains for the
elderly patient should be seriously considered as the proportion of these patients will grow in the future.
Besides the group size, the indications for elective hernia repair may become broader. There is increased
patient satisfaction14 and elective repair will lessen the number of emergency repairs which is accompanied
by a marked rise in complications. Kulah et al.15 found a mortality of 5% in emergency hernia repairs in a
group of 189 patients with a mean age of 72 years. The mortality increased to 19.4% after bowel resection.
Coexisting diseases were signifi cantly related to morbidity and mortality. 
The treatment of choice in the present study was the Mesh Plug Repair. Performing a hernia repair under local
anaesthesia without sedation is not unique to the plug repair. However, this technique is regarded as a simple
and fast repair through a smaller incision9,16. In a randomized trial of Kingsnorth et al.17 the Mesh Plug Repair 
had comparable short-term outcomes to the Lichtenstein. In their follow-up study however, due to chronic pain,
a plug removal was required in 5.8% of the patients18. Zieren et al.19 also used the MPR in their study in 147
patients with a mean age of 73 years. They found a low rate of complications and improved SF-36 scores in the
elderly. The results in the present study demonstrated the ease of the Mesh Plug Repair, thus making absence
of intravenous medication acceptable. The need for this medication was probably also less necessary, since the
study population were the elderly and age is an independent inverse determinant of pain.
No procedure related complications were encountered, although late complications as wound infections or 
delayed haematomas might be underestimated due to the follow-up method. Other considerations are the
relatively small group of only 62 patients and short follow-up of 10 months. Some authors have reported
complications related to the plug such as erosion to the intestine20-21, scrotal migration22-23 and chronic pain
requiring removal of the plug18. In the present study 40.7% of the patients reported some form of chronic
pain. Although no removal of the plug was required, it is a serious complication. Chronic pain is not unique
to the plug13, however this complication should be the main endpoint in further studies.
Conclusion
The results of this study indicate that Mesh Plug Repair under unmonitored local anaesthesia with
no intravenous sedation is a feasible alternative for elderly patients. It has advantages for the medical
organization without any disadvantages for the patient.
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Introduction
Recurrent hernia and chronic pain are the most serious long-term complications following inguinal hernia
repair. Recurrence rates are between 0% and10%, depending on the institute’s experience1,2. The reported
incidence of postoperative pain varies widely. In 2000, Poobalan et al. reviewed the literature of chronic pain
after inguinal hernia repair and found incidences ranging from 0% to 63%3. A similar range was reported
by Aasvang and Kehlet in an update4. The inclusion of data on non-mesh-based repair and several studies
with an incomplete follow-up of less than 80% of patients, might explain the wide range in incidences. In
both reviews, the overall data suggested more chronic pain following a repair without prosthetic material.
Currently, mesh-based inguinal hernia repair is the gold standard, either open or endoscopic. Therefore, the
present systematic review focuses on the incidence of chronic pain following mesh-based. Moreover, only
studies with an adequate follow-up of at least 80% of patients after a period of 3 months were reviewed.
The nature, severity, and consequences of chronic pain, as well as its aetiologies, were taken into account.
Methods
The Medline database, CINAHL, Embase, and Pubmed, including e-links to related articles, and the clinical trial
registry of the Cochrane Collaboration were searched for relevant prospective trials on inguinal hernia repair 
reporting chronic pain. The strategy was by free text words: hernia and inguinal and pain or neuralgia and mesh
or tension-free or laparoscopy, and whenever possible by medical subject headings. Those considered for full
critical appraisal were studies published between January 1996 and June 2006. References cited in retrieved
articles were manually crosschecked to identify other relevant papers. No restriction to languages was used.
Chronic pain was defi ned a priori as any pain reported by the patient at or beyond 3 months postoperatively,
as per the International Association of the Study of Pain (IASP)5. Two reviewers independently critically reviewed
the publications (S.N., J.S.). Only prospective studies including adult patients who underwent inguinal hernia
repair with prosthetic material, wherein the method and moment of pain assessment were clearly described,
were used for this re- view. Further selection criteria were a minimal follow-up of at least 80% of the patients
and minimal period of 3 months after the index operation. The following data were extracted on full articles
only: study design, length of follow-up, number of included and evaluated patients, defi nition of chronic pain,
instrument and method and moment of pain assessment, quality-of-life data, its nature and severity, factors
associated with chronic pain (previous groin hernia or lower abdominal surgery, age, technique of repair and
anaesthesiology, including the use of analgesics perioperatively), and data on testicular pain and numbness. 
Statistical analysis
Data are given as percentages or mean with standard deviation. For meta-analysis of proportion of chronic
pain, pooled proportion analysis with fi xed effects was used, and testing for between-study heterogeneity
was done using Cochrane Q and I2 statistics. The logistic univariate and multivariate regression analyses
were applied for bivariate data. For reviewing randomized controlled trials, the Cochrane Review Manager 
was used. The Peto method for combining odds ratios was used with fi xed effects model in case no
statistical heterogeneity was encountered. P < 0.05 was considered statistically signifi cant.
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Results
Description of the studies
The cumulative search of the databases identifi ed 680 publications. Based on title and/or abstract, 159 were
potentially relevant and underwent critical appraisal on full article. Thirty-four studies were included in the
review6-39. Three of them were long-term results of other included trials12,14,29 and considered as additional
information for the primary report9,11,30. Another 2 trials were reported twice8,23. The 29 eligible trials included
8350 evaluated patients (Table 1). In the majority of the studies the language was English. There was
1 French24 and 1 German18 study. The design of 9 studies was prospective observational7,13,14,19,24,29,34,35,38 and
there was 1 cross-sectional cohort study in a prospective setting20. The remaining trials were randomized, of 
which 6 were multicenter. Most trials (n =19) included a physical examination in the follow-up. Other studies
invited patients with any complaint for an outpatient visit.
Table 1 Study designs and main outcome
Reference (1st author)
Adamonis6
Alfi eri7
Bringman10
Bringman12
Bueno13
Champault14
Colak15
Heikkinen16
Helbling17
Hildebrandt16
Huang19
Lau20
Lau21
Mahon22
Marre24§
Mills25
Moreno-Egea26
Muldoon27
Neumayer28
Nienhuijs29
Nienhuijs29
O’dwyer32
Paajanen33
Pappalararado34
Pelissier35
Picchio36
Ravichandran37
Tsakayannis38
Wellwood39
Evaluated patients¥
96
895
294
526
376
104
134
121
46
121
343
261
78
119
386
46
170
224
1696
319
54
260
162
151
121
678
20
191
358
Defi nition of chronic pain§
Pain with(out) limits
Pain of any severity
In operated area
Groin pain
Painful nuisances
Pain of any severity
Groin discomfort/pain
Neuralgia/chronic pain
Moderate pain pubic tubercle
Persistent groin pain
Non-disabling pain
Any pain last three months
Chronic pain
Chronic pain
In operated area
Pain of any intensity
Inguinal/scrotal/thigh pain
Discomfort/pain on exertion
Neuralgia or other pain
Pain of any intensity
Pain of any intensity
Pain of any intensity
Inguinal pain last month
VAS > 4
Light pain
Pain of any severity
Minor discomfort/sharp pain
Pain of any severity
Persistent groin/thigh pain
Follow-up¶
21.0
12.0
19.8
13.6
21.5
24.0
11.6
70.0
3.0
12.0
26.6
24.0
12.0
28.5
36.0
3.0
36.0
82.0
24.0
15.4
10.7
12.0
25.2
29.5
24.5
33.5
6.0
12.0
3.0
Instrument †
VDS
VDS
Q
Q
Q
VDS
Q
Q
Q
Q
Q
Q
Q
Q
Q
VAS
Q
Q
VAS
VAS
VAS
VDS
Q
VAS
Q
VDS
Q
VDS
Q
Chronic pain ‡
34 (35)
40 (5)
17 (6)
59 (11)
30 (8)
6 (6)
7 (5)
4 (3)
4 (9)
3 (3)
20 (6)
24 (9)
13 (17)
9 (8)
21 (5)
1 (2)
2 (1)
36 (16)
203 (12)
138 (43)
22 (41)
109 (42)
40 (25)
0 (0)
7 (6)
167 (25)
3 (15)
0 (0)
67 (19)
¥ number of patients who completed follow-up for pain assessment
§ number retrieved from personal communication
¶ moment of measurement in (median or mean) months
† Measurement instruments; Questionnaire (Q), Visual Analogue Scale (VAS) or Verbal Descriptor Scale (VDS)
‡ number of patients with chronic pain (per cent of evaluated patients)
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Incidence, nature, severity, and consequences of chronic pain
A pooled proportion meta-analysis showed an incidence of 11% (95% confi dence interval [CI] 11 to 12)
chronic pain. The severity of the chronic pain could be retrieved from 6 studies7,14,20,29,31,36. For the 482
patients reporting pain in these trials, it was regarded to be mild in 356 (74%), moderate in 81 (17%),
moderate/severe in 5 (1%), and severe in 40 patients (8%). The nature of the pain was described
neuropathic in 2 reports; 64% of the pain found was to be aching32 and 55% of the pain descriptors
used were neuropathic29. Numbness was found in 9% (242 of 2617 patients that were included in 11
studies)10,15,17,20,27,32,34,36-39. Testicular pain was present in 72 of 766 patients in 4 reports (9%)27,32,33,35.
Quality of life was measured in 5 studies12,14,22,29,32. Only 1 study reported a non-signifi cant negative effect
of chronic pain on quality of life29. Seven trials reported limitations in employment and/or leisure activities
for 137 of 432 pain patients (32%) (Table 2).
Table 2 Limitations in daily activities
Ref
6
7
14
27
32
33
36
Total
Proportion (n/N)¶
6/34
5/40
1/6
17/36
24/109
14/40
53/167
17/167
137/432
Description of the limitations ¥
Pain limits some activity
Pain interfered with everyday activities
Disabling pain
Pain on exertion
Work affected by pain
Limitation in work/leisure time activities
Pain interfered with normal day life activity
Unable to perform normal activities
¥ limitation as defi ned in the reports
¶ number of patients with this limiting pain (n) of the total number of patients with chronic pain (N)
Possible explanatory factors of pain
The analysis of the pooled proportion of 11% chronic pain showed some non-combinability of the studies
(Cochrane Q = 821.43, P < 0.001, and I2 = 97%). The variance between the studies might be explained
by the differences in possible explanatory factors of pain. 
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Table 3 Possible explanatory factors of pain
6
7
10
12
13
14
15
16
17
18
19
20
21
22
24
25
26
27
28
29
31
32
33
34
35
36
37
38
39
Previous surgery
 Hernias† Abd.£
0 -
 0 -
 41 (14%) 0§
 0 -
 25 (7%) -
 15 (14%) 6
 12 (9%) 0
 0 -
 0 -
 0 0
 59 (15%) -
 30 (11%) 0
 0 -
 42 (35%) -
 46 (11%) -
 0 -
 37 (22%) 62
 0 0
 128 (8%) -
 0 -
 12 (22%) -
 8 (3%) -
 15 (9%) -
 0 -
14 (11%) -
 0 -
 0 -
 0 -
 40 (11%) 113
Surgical procedures‡
MPR / Her
L / Trab
TEP / MPR / L
L
L / TAPP
L / TEP / TAPP
L / TEP
L / endoscopic
L
L / TEP
MPR / PHS
TEP
TEP
L / TAPP
L / plug
L
TEP
L / RR
L / endoscopic
L / MPR / PHS
MPR
L
L
L
Ringpatch
L
L
MPR
L / TAPP
Analgesics
Ketopropofol
-
Standard local bloc,
paracetamol / tramadol
-
Number and duration
analgesics used note
Paracetamol
Paracetamol / tramadol,
no local bloc
-
-
Piritramid
-
Present analgesics
Diclophenac, proproxyphene, 
paracetamol
Morphine
-
Standard local bloc,
coproxamol
Number and duration
analgesics used noted
-
-
Diclophenac preoperative
Paracetamol / Diclophenac
-
Present analgesics
-
-
-
-
-
Number of regular analgesics
Age¥
54.8
55.0
54.7
56.3
50.5
57
50.5
47.0
>25
57.5
57.6
65
65
61.3
58.5
59.3
55.4
62.0
58.5
54.7
76.8
56.5
51
-
60
57.9
65.2
53.4
52.0
L
85
535
0
-
0
1
0
32
35
-
84
0
0
3
316
0
0
0
116
0
62
126
162
151
10
-
0
0
196
R
11
227
9
-
377
1
0
9
3
0
278
0
0
2
94
0
41
-
280
232
0
11
0
0
116
-
0
-
0
G
4
211
290
-
23
113
134
83
8
-
31
313
78
114
25
50
129
-
1587
103
0
184
0
0
0
0
20
-
204
Anesthetic method¶
† number of patients with recurrent hernia included (per cent of total)
£ number of patients with previous (lower) abdominal surgery
§ except appendectomy
‡  L= Lichtenstein, TEP = Total ExtraPeritoneal, TAPP = TransAbdominal PrePeritoneal, MPR = Mesh Plug Repair, PHS = Prolene® Hernia 
System, RR = Read-Rives, Her = Herthra, Trab = Trabucco, Ringpatch = memory-ring patch
¥ mean or median age in years, 
¶ number of procedures under local (L), regional (R) and general (G) anaesthesia
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Fourteen trials included only primary hernias (Table 3). Nine reports included specifi cation on previous
abdominal surgery. The mean of the reported age was 57.5 years. Most studies provided information
about the kind of anesthesiology and use of (perioperative) analgesics. As no individual patient data were
obtained, these results were dichotomized for the analysis of their infl uence on chronic pain (Table 4).
In the multivariate analysis, a tendency for less chronic pain was seen for primary hernias (odds ratio [OR]
0.76, P = 0.005).More pain was associated with a lower mean age (OR 1.53, P < 0.001), and when
adjuvant or exclusive local anesthesia was used in all procedures (OR 1.32, P = 0.039). The median
length of follow-up was 21.0 months (range 3 to 82). Chronic pain tended to be less after a longer follow-
up (OR 0.996, P = 0.085). The frequency of chronic pain varied with the method of pain assessment
used. A questionnaire was used in 18 studies including 3860 patients (Table 1). Verbal Descriptor Scales
(VDS) or Visual Analogue Scales (VAS) were used in 11 studies including 4490 patients. In studies that
used a questionnaire for pain measurement, fewer patients were found to have chronic pain (OR 0.55,
P < 0.001). The instrument for pain measurement remained the strongest factor infl uencing pain in the
multivariate analysis (OR 0.51, P < 0.001) (Table 4).
Table 4 Logistic regression analysis
Univariate analysis Multivariate analysis¥
OR‡
1.22 (1.07 - 1.38)
0.63 (0.51 - 0.78)
1.10 (0.96 - 1.25)
0.91 (0.71 - 1.16)
0.996 (0.99 - 1.00)
0.55 (0.48 - 0.63)
OR‡
0.76 (0.62 - 0.92)
1.53 (1.29 - 1.82)
1.32 (1.02 - 1.73)
0.51 (0.43 - 0.60)
P
0.003
< 0.001
0.163
0.449
0.085
< 0.001
P
0.005
< 0.001
0.039
< 0.001
Factor
Only primary hernias included
Previous abdominal surgery excluded
Mean age in study less than 57.5 years
Local anaethesia for all procedures
Length of follow-up†
Pain assessed with a questionnaire
† continuous factor, others were classed with 2 values
‡ Odds Ratio (OR) with a 95 per cent Wald Confi dence limits between the brackets
¥ stepwise selection removed two factors. An OR < 1.0 means less pain.
The effects of nerve preservation, mesh weight, and endoscopic approach were studied in randomized
controlled trials. Nerve preservation versus division was studied in 2 trials that showed no differences
between both techniques.(OR 1.11 [0.78 to 1.56]) (Table 5)36,37.
Table 5 Preservation versus division of nerve
Ref
36
37
Total
Division†
85 / 334
2 / 20
87 / 354
Preservation†
82 / 344
1 / 20
83 / 364
Peto odds ratio‡
1.09 (0.77 - 1.55)
2.11 (0.18 -25.35)
1.11 (0.78 - 1.59)
Weight¥
1.47
98.53
100
† with number of patients with pain/total, n/N
‡ fi xed Peto odds ratio (OR) with a 95 per cent Confi dence Interval between the brackets
¥  in percentages The test for heterogeneity was .27 with 1 degree of freedom. Test for overall effect was 0.57 with P = 0.57. 
An OR < 1.0 means less pain.
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The weight of meshes was the subject for randomization in 2 studies12,32. The light-weighted mesh was
associated with less pain compared to the normal-weighted mesh (OR 0.61 [0.43 to 0.88]) (Table 6). 
Table 6 Light-weighted versus normal-weighted meshes
Ref
12
32
Total
Light-weighted†
27 / 263
45 / 135
72 / 398
Normal-weighted†
32 / 263
64 / 125
96 / 388
Peto odds ratio‡
0.83 (0.48 -1.42)
0.48 (0.26 - 0.79)
0.61 (0.43 - 0.88)
Weight¥
45.27
54.73
100
† with number of patients with pain/total, n/N
‡ fi xed Peto odds ratio (OR) with a 95 per cent Confi dence Interval between the brackets
¥  in percentages The test for heterogeneity was 2.10 with 1 degree of freedom. Test for overall effect was 2.62 with P = 0.009.
An OR < 1.0 means less pain.
Eight studies randomized between open and endoscopic hernia repair either via transperitoneal (TAPP) or 
preperitoneal (TEP) approach10,13,15,16,18,22,28,39. The Lichtenstein technique was the standard open procedure
in all 8 studies. Bringman et al. also randomized patients for mesh plug repair10. Chronic pain was signifi cantly
less when the repair was performed endoscopically (OR 0.61 [0.49 to 0.77]) (Table 7).
Table 7 Endoscopic versus open approach
Ref
10
13
15
16
18
22
28
39
Total
Endoscopic †
3 / 92
11 / 192
4 / 67
0 / 62
3 / 55
1 / 59
84 / 862
27 / 182
27 / 182
Open †
14 / 207
19 / 184
3 / 67
4 / 59
0 / 66
8 / 60
119 / 834
40 /176
207 / 1653
Peto odds ratio ‡
0.52 (0.18 - 1.50)
0.54 (0.25 - 1.13)
1.35 (0.30 - 6.15)
0.12 (0.02 - 0.89)
9.37 (0.95 - 92.67)
0.19 (0.05 - 0.74)
0.65 (0.49 - 0.87)
0.60 (0.35 - 1.01)
0.61 (0.49 - 0.77)
Weight ¥
4.62
9.33
2.25
1.31
0.99
2.83
60.26
18.41
100
†  transperitoneal when TAPP and preperitoneal when TEP, with number of patients with pain/total, n/N, ‡ fi xed Peto odds ratio (OR)
with a 95 per cent Confi dence Interval between the brackets, ¥ in percentages, The test for heterogeneity was 12.23 with 7 degrees of 
freedom. The test for overall effect was 4.20 with P < 0.0001. An OR < 1.0 means less pain.
Comments
Based on an analysis of 29 good-quality studies meeting our inclusion criteria, 11% of patients suffer chronic
pain following mesh-based inguinal hernia repair. More than one quarter of these patients has moderate
to severe pain, mostly with a neuropathic origin. As a consequence of chronic pain, almost one third of the
patients have limitations in daily leisure activities. Chronic pain is less frequent after endoscopic repair and
with the use of a light-weighted mesh. There is a tendency for more pain with recurrent hernias, in patients
with previous lower abdominal surgery, and in younger patients. Furthermore, scaled pain assessments are
likely to retrieve higher pain incidences than pain questionnaires. Cunningham et al. were the fi rst to bring
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up the issue of chronic pain40. Thereafter, pain became an important outcome in the fi eld of hernia repair 
research. Poobalan et al. reviewed the incidence of chronic pain after inguinal repair up to 2000 and found
prevalence from 0% to 63% a year after surgery3. The wide variation in the incidence of pain is explained
by the heterogeneity of the included studies with respect to operative technique, pain assessment, and
follow-up. In an update by Aasvang and Kehlet, the period between 2000 and 2004 was covered4.
They found 35 studies with at least 100 patients and follow-up of at least 6 months. They estimated a
prevalence of 12% chronic pain. Both reviews included studies investigating non-mesh techniques, with a
retrospective design, and some with minimal follow-up. Due to these inclusions, the incidence of chronic
pain might be overestimated for the standard mesh-based hernia repair. In the present study, reviewing
studies published in the last 10 years, more strict inclusion criteria were used. Only prospective studies
including solely patients who underwent mesh repair, in which the method and timing of pain measurement
was clearly described, with a minimum follow-up of at least 3 months and with more than 80% of patients,
were included. These strict selection criteria allowed a proper meta-analysis of chronic pain after mesh
repair of inguinal hernias. Postsurgical pain is a common fi nding. Chronic pain has been described also after 
mastectomy, median sternotomy, limb amputation, and gallbladder surgery with a comparable range of 
prevalence41-43. General and patients’ factors are probably as important as local hernia repair-related factors.
Patients factors include mental state, genetics, preoperative information, and expectations. Only a few of 
these factors were investigated or discussed in the included studies. 
Pre-existent and direct postoperative pain
Groin pain before the operation increases the risk of chronic pain after operation due to changes in sensory
processing44. Previous surgery in the lower abdominal might cause these sensory processing changes. As far 
as allowed by dichotomizing the results, a tendency for more chronic pain was found for previous surgery in
the univariate analysis and recurrences in the multivariate analysis. Pain in the postoperative period is another 
factor that is associated with chronic pain, as found in 2 trials2,30. Inguinal hernia repair under or with additional
local anesthesia did not show a clear benefi t. However, defi nite conclusions cannot be made because no
randomized trials were available and data about the use of perioperative analgesics were insuffi cient. 
Endoscopic approach
Six studies compared the results of endoscopic (TEP/TAPP) versus the open anterior approach (MPR/PHS/L).
The meta-analysis favoured the endoscopic approach. Bringman et al. hypothesized that the extensive dissection
and fi xation in Lichtenstein’s approach increases the risk of damage to the genitofemoral and ilioinguinal nerves10.
Nociceptive pain resulting from sutures in the pubic periost known from open repairs is not found in endoscopic
repair20. However, damage to the lateral femoral cutaneous nerve is a known risk of endoscopic repair13,20.
Nerve preservation
Tsakayannis et al. studied the impact of elective ilioinguinal and iliohypogastric nerve resection and did not
encounter any persistent pain syndrome38. Pappalardo et al. consequently removed only the iliohypogastric
nerve and found no patient with a VAS pain score higher than 434. In the study of Bueno et al., however,
the iliohypogastric nerve was not found to be irritated at all13. The role of ilioinguinal nerve division was the
subject of randomization in 2 other studies36,37. A meta-analysis showed no signifi cant difference in chronic
pain. However, more loss of touch sensation was reported in the group with divided nerves 1 year after the
operation (33 of 291 patients vs 13 of 302, P = 0.002)36. 
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Composition of the mesh
A tendency for less chronic pain was seen when a light-weighted mesh composed of a combination of 
polypropylene and polyglactin was used as compared to heavy-weighted polypropylene mesh (OR 0.61
[0.43 to 0.88]). The advantage was attributed to a reduced infl ammatory response, less scar tissue, and
less restriction of abdominal wall movement32. In another report, a benefi t was assumed for a beta glucan
coating for optimal incorporation into the tissues14. The light-weighted mesh was associated with an increased
recurrence rate. This was assumed to be related to technical errors rather than the mesh itself32.
Other factors
Younger age seems to be associated with chronic pain. Other factors mentioned in the literature to be
associated with chronic pain such as gender, activity level, and mental state were not found to infl uence the
prevalence of chronic pain in this review4,45. Also, insuffi cient data were available to determine the infl uence
of surgical expertise of the institute or the operating team.
Assessing chronic pain 
The mean moment of assessment varied from 3 to 82 months postoperatively. Although not signifi cantly,
a shorter period of follow-up correlated with a higher reported proportion of chronic pain, suggesting
that chronic pain attenuates spontaneously over time. A signifi cantly larger proportion of chronic pain
was reported when a VAS or VDS was used instead of questioning whether the pain was present or not.
Since none of the studies combined 2 or more of these scores, defi nite conclusions cannot be made. An
explanation could be that patients only mentioned the presence of pain above certain intensity, whereas
on a VDS it might have been graded mild or given a VAS score higher than 0.
In summary, based on an analysis of 29 good quality studies, 11% of the patients have chronic pain
following mesh-based inguinal hernia repair. Combined with its severity and consequences for daily activities,
chronic pain is the main complication. It must be taken into account for preoperative consideration. Timing
and method of pain assessment infl uences the outcome. So far, preventive options are the endoscopic
approach and light-weighted meshes. Assumed associated factors like pre-existent and direct postoperative
pain, younger patients, and other patients’ characteristics are subjects for future studies.
Systematic review: chronic pain
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Introduction
In inguinal hernia repair the endoscopic approach is associated with less postoperative pain. In two trials with
5 years of follow-up this repair was also superior in terms of chronic pain compared to open techniques1, 2.
Nevertheless, the open approaches are used more frequently. Reported reasons are the demands of the
endoscopic technique for anesthesia, experience level, and costs. Most surgeons reserve this approach for 
specifi c indications and in dedicated centers. 
There remains a need to diminish the main complication of inguinal hernia repair as chronic pain is reported
in 28%-37% of the patients3. Due to the complexity of chronic pain, the true mechanism still is unclear.
However, the position of a mesh is probably one factor. In some anterior techniques a (part of a) mesh
is placed under the fascia transversalis, a route that passes through the inguinal canal. Furthermore, all
anterior approaches require to some extent dissection of the inguinal canal, and this involves manipulation
of at least one or two inguinal nerves. An open preperitoneal approach might have the benefi t of a mesh in
the preferred preperitoneal space without the disadvantages of an endoscopic procedure. The purpose of 
this trial was to compare an open preperitoneal to an open anterior approach in terms of chronic pain, as
such a study has not been reported before. Therefore the technique described by Kugel4 and the present
standard technique of Lichtenstein were used.
Materials and methods
Randomization
The study was conducted between December 2004 and September 2005 in a regional teaching hospital.
The eligibility criteria were fulfi lled if adult patients who had been referred for elective primary, unilateral inguinal
hernia repair and did not have an irreducible inguinoscrotal hernia or previous hernia repair via the preperitoneal
approach, gave informed consent. For that purpose these patients received a diary including written information
about the aims and contents of the study. The regional ethics committee approved the study protocol. 
A total of 172 consecutive patients were included in the study. Randomization was done using a computer 
generated list. In consecutive order the patients were allocated to receive one of the two repairs.
The patients themselves were blinded to the method used. Patients characteristics recorded were age, sex,
body mass index, ASA, and employment status (Table 1).
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Table 1 Patient characteristics
Lichtenstein
86
54.4 (13.6)
85:1
25.4 (2.7)
59
26
1
37
24
20
5
23
43
15
5
Kugel
86
55.6 (15.8)
85:1
25.1 (2.9)
54
30
2
27
25
26
8
20
45
13
8
P value
0.384
1.00
0.447
0.657
0.315
0.843
No. of patients
Mean (SD) age (years)
Sex ratio (M:F)
Mean (SD) BMI (kg/m2)
ASA group
Employment
Presence of hernia
I
II
III
Light
Heavy
None or retired
Missing
Weeks
Months
Years
Missing
BMI body mass index; ASA American Society of Anesthesiologists; SD standard deviation
Treatment
Inguinal hernia repairs were performed by staff surgeons as well as surgeons in training. According to our 
protocol, all patients received 7.5 mg midazolam and pre-emptive analgesics: 1,000 mg paracetamol and
15 mg meloxicam, approximately 1 h before surgery. Prophylactic antibiotics were not used. The Lichtenstein
operation was performed as described elsewhere5. Briefl y, a 6×11cm polypropylene mesh (Prolene; Ethicon)
was trimmed to fi t the inguinal fl oor, as necessary. The mesh was sutured to the ligament of Poupart with a
non-absorbable suture and secured cranially using an absorbable suture. For the Kugel repair the open,
preperitoneal approach was used as described by Kugel4. KugelMesh (Bard, Inc), medium oval size
(11×14cm), was used in each case. This patch is constructed of a double layer of monofi lament polypropylene
with a transverse opening in the anterior layer. Hereby a pocket is created to facilitate positioning. A memory
recoil ring allows the patch to maintain its shape during placement in the preperitoneal space. Further 
specifi cations and illustrations have been reported previously4. Nerves and vessels were spared whenever 
possible. In both techniques, the skin was closed with a subcuticular absorbable suture.
In the Lichtenstein group 61 patients received spinal anesthesia using 15-22.5 mg plain bupivacaine;
in 4 patients complementary general anesthesia was needed due to incomplete block. The remaining 25
patients in this group preferred general anesthesia: volatile anesthetics with additional opiates (fentanyl and
morphine). In the Kugel group the number of patients was 63 for spinal anesthesia with 8 complementary
general anesthesia’s and 23 for general anesthesia from the start. Local anesthetic (10 ml bupivacaine
0.75%) was administered into the wounds of all patients. Paracetamol up to 4 g and meloxicam up to
15 mg were recommended as a supplementary analgesic. Patients were encouraged to resume normal
activities and/or work as soon as possible.
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Assessment
The duration of surgery, level of experience attained by the surgeon, and the identifi cation and possible
dissection of nerves and vessels in the operative fi eld were recorded. In the diary the patients received,
three sections were completed: the fi rst section consisted of the study information and informed consent;
the second section was devoted to recording height, weight, employment, and the duration of the hernia.
The third part included were a preoperative visual analog scale (VAS) pain score and a questionnaire about
the use of analgesics and the reasons for their consumption (pain due to the hernia, back pain, arthritis,
headache, or other). The VAS pain score is a scale indicating a range of pain from zero, indicating no pain,
to 100, the least bearable pain, on a 100-mm line. For calculation, the scores were rounded to the closest
centimeter. Patients were asked to complete the second part preoperatively. At discharge patients took the
diary home to complete the third section during the fi rst 2 postoperative weeks. They recorded daily VAS
pain scores as well as entries concerning the number and kind of analgesics taken. At 3 months after the
operation all patients visited a surgeon for a physical and neurological exam. This evaluator was not the
surgeon who had performed the operation. Any complications were recorded. Furthermore the patients
completed a pain questionnaire. This included a VAS pain score and questions on the number and kind of 
analgesics used. Other questions were about numbness, bulging, and cutaneous sensory changes at the
operative site. Bulging was defi ned as a bulge in the groin and demanded a physical examination (positive
Valsalva test) or an ultrasound test to confi rm any recurrence. For the sensory changes, a patient could
choose from several sensory (neuropathic and nociceptive) and affective descriptors.
Objectives
The aim of the present study was to test the hypotheses that Kugel hernioplasty has less postoperative
pain than the standard Lichtenstein repair, and that its feasibility is comparable. For the fi rst hypothesis, the
primary endpoint was the VAS pain score at 3 months. A score above zero at this time point is regarded
as chronic pain as defi ned by the International Association for the Study of Pain6. Secondary outcome
measures were pain scores and number of analgesics consumed during the fi rst 2 weeks, as well as
chronic pain descriptions. The duration of the procedure as well as number of complications were used for 
evaluating the second hypothesis.
Statistical analysis
According to the power calculations, 77 subjects per treatment group were needed for the study to achieve
a statistical power of 90% with an alpha of 5%. The calculations were made with a two-sided test for the
VAS pain score at 3 months, considering a difference in VAS score of 1.0 as clinically signifi cant. Based on
a previous study, the standard deviation was set at 1.97.
Statistical comparison was made with the Wilcoxon test for continuous variables. For ordinal data, the
Pearson χ2 test was used; P < 0.05 was considered statistically signifi cant. Data were analyzed on the basis
of intention to treat. 
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Results
A total of 172 patients were randomly allocated to receive one of the two repairs. Two patients died
during the study for reasons not related to the operation. Ultimately, 166 of 170 patients (97.6%) were
analyzed for the primary endpoint (Fig. 1). Baseline characteristics and pre-existent pain complaints were
comparable between the groups (Tables 1 and 2, Fig. 2).
Figure 1 Trial fl ow chart
Assessed for 
eligibility patients (n=172)
Allocated to Lichtenstein (n=86)
All received a allocated intervention
Allocated to Kugel (n=86)
All received a allocated intervention
Analyzed; 84 out of 85 patients Analyzed; 82 out of 85 patients
Follow-up first two weeks
Lost; deceased (n=1)
incomplete diary (n=5)
Completed; 80 out of 85 patients
Follow-up first two weeks
Lost; incomplete diary (n=5)
Completed; 81 out of 86 patients
Follow-up at three months
Clinical visit (n=76)
By phone (n=8)
Lost; recurrence repairedm(n=1)
Follow-up at three months
Clinical visit (n=75)
By phone (n=7)
Lost; deceased (n=1), recurrence 
repaired, mesh removal (n=1)
Table 2 Pre-existing pain complaints
Lichtenstein (n = 81)
2.8 (2.3)
6
4
2
0
3
5
Kugel (n = 78)
2.8 (2.3)
10
7
5
1
7
4
P value
0.926
0.952
0.505
Mean VAS pain score (SD)
Use analgesics (n)
Reasons (n)
Sometimes
Regular
Back pain
Arthritis
Headache
Hernia
VAS visual analog scale
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Figure 2 Distribution of preoperative pain
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The mean VAS pain score was lower in the Kugel group than in the Lichtenstein group for every day of 
the fi rst 2 postoperative weeks (Fig. 3). During the same period there were no signifi cant differences in
the total number of consumed paracetamol tablets (19.9 versus 18.5; P = 0.400) or in the number of 
consumed meloxicam tablets (8.6 versus 7.0; P = 0.295). On the days that the patients did not consume
any analgesics (1,176 days), the mean VAS pain score was 1.4.
Figure 3 Mean visual analog scale (VAS) pain score per day 
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Figure 4 Distribution of chronic pain
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Table 3 Pain descriptors 
Neuropathic
 Aching
 Burning
 Prickling
 Shooting
Nociceptive
 Gnawing
 Pulling
 Tender
Affective
 Tiring
 Irritating
Lichtenstein (n=28)
1
10
17
2
0
1
7
2
2
Kugel (n=13)
1
2
5
5
1
1
2
0
2
In the Lichtenstein group the operation took signifi cantly longer (54 min versus 41 min; P < 0.001). The nerves
were encountered signifi cantly more frequently when the anterior approach was employed, and the inferior 
epigastric vessels were encountered more frequently with the preperitoneal approach (Table 4). Complications
included hematoma, which was treated conservatively (n = 14); infection (n = 5); dysejaculation (n = 1) and
urination problems resulting from pressure of the mesh against the bladder, as seen on a CT scan. There were
no signifi cant differences between the two groups with regard to recurrence. Diagnosed by either physical
examination (n = 3) or ultrasound (n = 1), each group had two recurrences. Three patients with recurrences
underwent reoperation within 3 months. Another 12 Lichtenstein and 5 Kugel patients had a swelling/bulging
recorded by physical examination or in the patient questionnaire. In no case was the bulging indicative of 
recurrence, as stated by the consulting physician or a confi rming ultrasound test. 
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Table 4 Procedure encounters
Ilioinguinal nerve 
Damaged
Iliohypogastric nerve
Damaged
Genitofemoral nerve
Damaged
Inferior epigastric vessels
Vas deferens
Lichtenstein (n=86)
67
5
23
3
21
1
42
78
Kugel (n=84)
9
0
4
1
6
0
73
79
P value
0.000
0.025
0.000
0.325
0.002
0.323
0.000
0.413
Numbness was reported signifi cantly more in the Lichtenstein group (22 versus 3, P < 0.001). For patients
with reported numbness, nerve damage was reported by the surgeon as the cause in 3 cases, and
hypoesthesia was found on neurological examination in 15 cases. Cutaneous sensory changes were found
in 6 Kugel patients and 24 Lichtenstein patients. The corresponding nerves were the iliohypogastric
(n = 17), genitofemoral (femoral branch n = 6 and genital branch n = 3), and ilioinguinal (n = 4).
The sensory changes were related to the number of nerves encountered (R = 0.152, P = 0.050).
The Pearson χ2 test for patients with a cutaneous sensory change of reported numbness was 37.4
(P < 0.001); that of reported chronic pain, 18.3 (P < 0.001). Patients without any sensory changes scored
their pain as signifi cantly less (.41 versus 1.53, P < 0.001) at 3 months. 
For the entire group, the preoperative VAS pain score correlated with the scores in the fi rst 2 weeks after the
repair (R = 0.445, P < 0.001), the number of paracetamol taken (R = 0.260, P = 0.001), and the number 
of meloxicam taken (R = 0.205, P = 0.010). No signifi cant correlation with the pain score was found at
3 months. The preoperative consumption of analgesics had no infl uence.
Discussion
In this randomized trial comparing the standard open anterior approach to hernia repair with an open
preperitoneal approach, some signifi cant advantages were found for the open preperitoneal repair 
technique. The procedure was performed in less time; at a 3 months follow-up, a lower mean VAS pain
score and a smaller proportion of patients with chronic pain were reported than in the Lichtenstein group.
The chronic pain was mostly described as neuropathic, because nerves were encountered more frequently
with the anterior approach. In the open preperitoneal repair group less numbness was reported and fewer 
cutaneous sensory changes were found at neurological examination.
The authors regard chronic pain as a more severe complication than recurrence, because of its incapacitating
character. Therefore the primary endpoint of this study was the mean VAS pain scores at 3 months. The VAS
has it limitations, as it measures pain only one-dimensionally without regard to frequency. Nevertheless,
this instrument is by far the most used measurement tool, and it is useful for comparisons like those made
in the present study. The VAS pain score differed signifi cantly between the groups, although the absolute
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difference was only 0.6. As stated in the Methods section, this might not be regarded as clinically relevant.
Only four patients in each group used analgesics at this point. Thirty-four Lichtenstein patients (40%),
however, reported a VAS pain score higher than zero. This fi gure is relatively high compared to some other 
published data8-10, although similar results have been reported from studies with comparable designs7, 11, 12.
In the present study, the chronic pain of 40% in the Lichtenstein group is almost twice the rate found in the
Kugel group (17 of 82, or 21%). The pain was merely described as “neuropathic,” and it is assumed that this
pain arises from nerve damage, which is more likely to occur with the Lichtenstein procedure because the
ilioinguinal, iliohypogastric, and genitofemoral nerves are encountered signifi cantly more frequently with this
approach. The higher proportion of numbness and cutaneous changes underline this assumption.
Where some parameters are concerned, the procedures had similar outcomes. In the fi rst 2 weeks
postoperatively there were no clinically important differences in pain VAS score or in number of analgesics
taken; nor were signifi cant differences seen in the incidence or types of complications. One complication
specifi c to the preperitoneal approach was seen in this study: higher urinary frequency (1 patient). A CT
scan revealed impression of the mesh on the bladder, and removal of the preperitoneal mesh resolved
the problem, and a defi nitive hernia repair is planned. In both groups two recurrences were found, and all
four were regarded as technical failures. For some investigators, recurrence is of great concern. Schroder et 
al. reported a recurrence rate of 7.7% with the Kugel technique13. Because most failures occurred in their 
fi rst 36 cases, they attribute this to the learning curve. They summarize other studies wherein preperitoneal
repairs are noted for steep learning curves. In contrast, acceptable recurrence rates have been reported
in numerous studies with long-term follow-up, with the recurrence rate varying from 0% to 0.8%4, 14-17.
Nevertheless, we have the impression that the preperitoneal approach is more technically demanding,
probably because the preperitoneal space is more unknown. We therefore established learning workshops
before this study was begun. In addition, patients with recurrent hernias and large direct hernias were
excluded. The experience of the operating surgeon was dichotomized into fi ve or fewer procedures and
more than fi ve procedures, similar to the design of a previous study from the same institution to collect
comparable data18. In practice, the experience of the supervisor exceeded 20 procedures. The level of 
experience of the supervising surgeon was not specifi ed, and it is therefore possible that a procedure
carried out under less experienced supervision might have failed, thereby contributing to the recurrence
rate of 2.3% (4 of 172).
The Kugel patch is heavier than a monofi lament Prolene mesh. It is double layered with a memory coil 4.
Thus it might be assumed that this patch is stiffer, resulting in more pain11. At the 3-month follow-up,
however, signifi cantly less pain and less swelling/bulging was found in the Kugel group than in the
Lichtenstein group.
Only one previous study known to the authors has compared the two hernia repair techniques, that by
Dofru et al.16, who found similar results with regard to operating time and complications. However, no
pain-related outcomes were included. The present study has its own limitations: (1) The Kugel procedure
requires a more cranial incision, and knowledge of this feature impairs the blindness of the patient and
the evaluator. However, none of our patients realized this when they were seen at follow-up. (2) Fifteen of 
our patients did not have a physical or neurological follow-up examination, because they had passed the
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clinical visit and thereafter would only be contacted by telephone. These 15 patients were more or less
equally divided between the two groups, and none of them reported any pain at the follow-up interview.
The pain-related outcomes are therefore at least not overestimated. (3) The use of a VAS pain score as
the primary endpoint has limitations, because pain is far more than a one-dimensional score. Additional
pain parameters had to be employed to compensate for this. Nevertheless, it is diffi cult to express the
signifi cance of every VAS pain score higher than zero. In half of the immediate postoperative period (1,176
of 2,406 days) patients reported a pain score without taking any pain medication, as did 43 of 51 patients
reporting pain at 3 months. This occurred even though the surgeons had advised patients concerning the
standard pain protocol and explained the use of analgesics to the patients.
Within the limitations of this study, an open preperitoneal repair like the Kugel repair has shown some
clinically relevant advantages. As the learning curve fl attens, this repair may also be suitable in the treatment
of large direct and recurrent hernias. For surgeons who prefer an open approach, the Kugel procedure is
a feasible alternative for the standard Lichtenstein procedure and is associated with less chronic pain at
3 months, most likely because fewer nerves are at risk than with the anterior approach. The superiority
of the approach will demonstrated if education of surgeons focuses on the preperitoneal space as it has
emphasized the inguinal canal.
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Introduction
Chronic postoperative pain is the main complication following inguinal hernia repair. Incidences up to 63 per 
cent have been reported in a review including forty studies1. Chronic pain accounted for restriction in daily
activities in up to a quarter of patients2-3. In an updated review the risk of a chronic pain state with clinically
signifi cant effects on daily activities was about 12 per cent4. The effects on activities have been measured
with several instruments such as Short Form 36 or McGill Pain Questionnaire or asking for complaints. These
methods, however, lack the possibility to differentiate between activities in daily life and to quantify the
impairment. For this purpose the Pain Disability Index (PDI) can be a useful measurement tool (Box 1).
The PDI was designed to be a brief and global analogue rating of function across seven content areas:
family/home responsibilities, recreation, social activity, occupation, sexual behaviour, self-care and life-support
activity5. Since its introduction the PDI has seen widespread use, because it is brief and has shown evidence
for its validity, reliability and sensitivity to change6-8. This instrument was constructed for multiple types of 
acute and chronic pain conditions, such as chronic low back pain, painful diabetic neuropathy, post herpetic
neuralgia, osteoporosis, traumatic extremity injuries and breast cancer9. So far, it has not been used in the fi eld
of hernia repair research. As the PDI addresses a broader concept of disability than that directly related to pain
intensity, it was introduced in a prospective trial upon open mesh-based inguinal hernia repair. 
Patients and methods
Patients
From December 2004 to September 2005 adult patients with a primary, unilateral, reducible inguinal
hernia without a previous preperitoneal procedure were invited to enrol in the study. The protocols were
conducted according to the guidelines of the Helsinki Declaration and were approved by the local ethics
committee. Included patients received a patient journal, containing written information about the aims
and contents of the study followed by a section to evaluate their pain, and written informed consent was
obtained. As a part of a larger study, the patients were allocated to receive one of the two open mesh-based
repairs10. Therefore randomisation was done by a computer generated list. Patients characteristics recorded
were age, sex, ASA status, body mass index and employment status.
Treatment
The Lichtenstein operation was performed as described by Amid11. A 6×11cm polypropylene mesh (Prolene;
Ethicon) was trimmed to fi t the inguinal fl oor, as necessary. The mesh was sutured to the ligament of Poupart
using a non-absorbable suture and secured cranially using an absorbable suture. For the open, preperitoneal
approach the kugel repair was used as described by Kugel12. KugelMesh (Bard, Inc) was used in each case.
It is an oval, double layered, polypropylene mesh with a memory coil at about 1 cm from the edges. Nerves
and vessels were spared whenever possible. In both techniques, the skin was closed with a subcuticular 
absorbable suture. Using a standard protocol, all patients were given a non-steroidal anti-infl ammatory drug
and a sedative premedication several hours before surgery. Prophylactic antibiotics were not used. Procedures
were performed under general or spinal anaesthesia. Local anaesthetic (10 ml bupivacaine 0.75 per cent) was
administered into the wounds of all patients. Paracetamol and Meloxicam were prescribed for postoperative
pain. Patients were encouraged to resume normal activities and/or work as soon as possible.
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Assessment
All patients received a journal including pain-related questions during the pre- and postoperative period
The Pain Disability Index (PDI) score was the main endpoint for this report. The questionnaire consists of 
7 subscales of activities; recreation, occupation, sexual behaviour, family and home duties, social functions,
self-care and life-supporting functions. For each item the patient rates the impairment due to pain on
a scale from 0 to10. The Pain Disability Index is the sum of these seven scores (range 0 to 70). Good
psychometrics of this measurement tool have been found6-8,13-14. An alpha coeffi cient of 0.86 has been
reported among a sample of 401 respondents, refl ecting high internal consistency7. Test-retest reliability has
been reported for 46 patients who completed the PDI at a 2-month interval while awaiting inpatient pain
treatment. Given that changes in disability were not anticipated, this revealed relatively poor consistency
(R = 0.44). The seven items of the PDI have been found to comprise two factors that refl ect either 
obligatory activities (self-care and life-supporting functions) or discretionary activities (the other 5 items).
Good internal consistency has been demonstrated within these factors (0.70 for the obligatory activities
and 0.85 for the discretionary activities7.
The patients were asked to complete the PDI before the inguinal hernia repair, 2 weeks and 3 months
after the procedure. At the same moments the pain intensity was assessed using the Visual Analogue Scale
(VAS) pain score. The VAS pain score is a score from no pain to the most bearable pain on a 100 mm line.
For calculation the scores were rounded to centimetres. Chronic pain was defi ned as any VAS pain score at
three months, as defi ned by the International Association of the Study of Pain15.
Furthermore, the patients were asked to record the number of analgesics taken as well as the reason for this
consumption (pain due to the hernia, back pain, rheumatic disorder, headache or other), height, weight, type of 
employment and the duration of the hernia. Three months after the operation all patients visited an independent
surgeon, for a physical and neurological exam. Any complication and use of analgesics was recorded. 
Statistical analysis
The present study was part of a larger trial. Inhere the open preperitoneal Kugel technique was compared
with the standard open anterior Lichtenstein technique10. The calculations for the power analysis were
based on the VAS pain score at 3 months as the primary endpoint in the larger trial. Because the PDI
has not been used before in hernia trials an adequate power analysis could not be performed. Statistical
comparison was made with Wilcoxon test for continuous variables. For ordinal data the Pearson χ2 test and
for correlations the Spearman test was used. P < 0.05 was considered statistically signifi cant. Data were
analysed on the basis of intention to treat.
Results
A total of 172 patients entered the study. Two patients had died before the end of the study, both not related to
the hernia repair and four hernias recurred. The results of 20 patients were excluded because one or more PDI
results were missing. Finally a total of 146 patients were analysed (88%). One-hundred-and twenty-two patients
attended the three-month hospital visit and twenty-four were contacted by telephone. The male:female ratio
was 144:2 and the mean age was 56.2 (±14.4) years. Their mean body mass index was 25.2 (±2.8) kg/m2.
The majority was classifi ed as ASA I (62.3 per cent). Sixty-one patients rated their employment as light (41.8 per 
cent) and 43 as heavy (29.5 per cent). The remaining 42 patients were unemployed or retired. 
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Figure 1 Preoperative PDI and VAS scores
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For the total group, the pain measurements (PDI and VAS) correlated signifi cantly preoperatively
(R = 0.596, P < 0.001)(Figure 1) This was similar at two weeks (R = 0.685, P < 0.001) and three months
(R = 0.472, P < 0.001)(Figure 2). 
Figure 2 PDI and VAS scores 3 months postoperatively
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A total of 47 patients reported chronic pain (any VAS pain score above zero). The intensity of their pain
correlated more signifi cantly with the PDI than VAS scores at two weeks postoperatively (R = 0.286,
P < 0.001 versus R = 0.175, P = 0.036). Seventeen of these patients experienced no limitations on daily
life (PDI score of zero). The remaining 30 patients had a mean PDI score of 11.6 (±15.9). Twelve patients
without chronic pain reported impairment in daily life (mean PDI score 8.8±10.8).
Overall, the results of the PDI improved (Table 1). The main disabilities found for the 47 patients reporting
chronic pain were for the recreation, occupation and sexual subscale.
Table 1 PDI subscales scores
Preoperative (n=146)
3.18 (3.14)
2.77 (2.98)
2.21 (2.76)
2.48 (2.56)
1.71 (2.36)
1.17 (1.87)
0.86 (1.68)
No chronic pain (n=99)
0.21 (0.99)
0.18 (0.90)
0.40 (1.69)
0.09 (0.63)
0.09 (0.56)
0.06 (0.43)
0.04 (0.25)
Chronic pain (n=47)
1.49 (2.31)
1.34 (2.46)
1.32 (2.56)
1.09 (2.26)
0.81 (2.01)
0.74 (1.87)
0.62 (1.73)
Disabilities
Recreation
Occupation
Sexual behaviour
Family and home duties
Social functions
Self-care
Life-supporting functions
Mean PDI scores per subscale with standard deviation between the brackets
The results in PDI scores weren’t infl uenced by age, sex, BMI, ASA status or duration of presence of 
the hernia. As for employment status, patients with reported physically light duties scored a lower pain
disability index preoperatively (12.07 versus 16.65, P = 0.060) than their counterparts. This difference was
signifi cant at two weeks postoperatively (14.23 versus 20.14, P = 0.044). At three months, this difference
disappeared (P = 0.570). There were 20 complications noted at the follow-up; conservatively treated
haematoma (n=13), superfi cial wound infection not requiring a re-operation (n=4), recurrence (n=4) and
dysejaculation (n=1). In the group of patients who experienced a complication, higher PDI (5.35 versus
2.75, P = 0.240) and VAS pain scores (1.33 versus 0.48, P = 0.004) were noted at three months.
Distributed to the randomized mesh, the pain measures were lower for the patients in the Kugel group
(Table 2). At two weeks postoperatively, this difference was signifi cantly (P = 0.042) for the mean PDI
score. Both scores differed signifi cantly at three months (P = 0.026 and P = 0.006). 
Table 2 The VAS pain and PDI scores
Mean VAS
pain score (SD)
2.5 (2.0)
2.7 (2.3)
2.0 (1.4)
2.6 (1.8)
0.4 (0.7)
0.9 (1.6)
Mean PDI score 
(SD)
12.3 (11.7)
14.8 (12.6)
12.4 (15.0)
16.3 (14.3)
2.0 (6.2)
4.1 (11.2)
P
0.559
0.104
0.026
P
0.208
0.042
0.006
Preoperative
At 2 weeks
At 3 months
Mesh
Kugel
Lichtenstein
Kugel
Lichtenstein
Kugel
Lichtenstein
Randomized trial Kugel and L: PDI
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Discussion
The Pain Disability Index, a 7-item questionnaire for self-perceived disability, was introduced in the fi eld
of hernia surgery. A strong correlation with the VAS pain score was found before an open inguinal hernia
repair and during the follow-up. At two weeks, the VAS score correlated less signifi cantly with chronic
pain than the PDI score. Thirty out of 47 chronic pain patients and twelve out of 99 patients without
pain reported limitations in daily life. Most disability was noted for the recreation, occupation and sexual
subscale. No signifi cant relationship was found for the PDI with age, sex, ASA status or body mass index.
Light versus heavy work infl uenced the PDI scores signifi cantly at two weeks, an effect which diminished
at three months. In the randomisation between a Lichtenstein and preperitoneal Kugel open hernia
repair, signifi cantly lower PDI scores were reported for the Kugel patients after two weeks, while this
difference in VAS score became signifi cant after three months.
Most studies that specify chronic pain after hernia repair use the Visual Analogue Scale (VAS) or Verbal
Descriptor Scale (VDS)4. Only a minority used pain severity grades that incorporate activities of daily
living3. The measurement instruments described in hernia literature so far do not allow a patient to specify
the activity or grade the restriction. To provide this important information, the Pain Disability Index was
introduced in this trial.
A correlation was found between the PDI and pain intensity measured with the Visual Analogue Scale pain score.
This is a similar fi nding in other studies16-18. The surplus value of the PDI was the insight in the impact of chronic
pain, as scores differed between the subscales. A higher impact was found, for the physically and sexually active
patient (recreation, occupation and sexual subscale). It should be taken into account for preoperative informed
consent. With the use of this measurement tool some patients with complaints were identifi ed who did not
suffer chronic pain as it was defi ned. Furthermore, PDI scores at two weeks postoperative showed a stronger 
correlation to chronic pain more than VAS pain scores at two weeks did. This higher sensitivity to changes has
been outlined before6-8. It is also emphasized by the fact that the difference in PDI score between the two groups
already becomes signifi cant after two weeks, compared with after three months for the VAS score.
These results don’t diminish the value of the VAS score, as it is a straightforward, clear, feasible instrument.
However, the additional value of the PDI to the one-dimensional VAS pain score is emphasized. Even the
combination does not describe all features of pain, nevertheless, two important pain questions can be
answered; how much pain and what are the consequences. Since the importance of pain after hernia
surgery has become increasingly important in recent years, there is a need for more sensitive tools like
the PDI to measure postoperative pain. Other investigators in hernia repair have also emphasized the
need for other tools to assess impairment besides the VAS score19-21.
The introduction of the PDI had some restrictions. As no references were available, the power analysis
was not based on the use of this measurement tool. The difference in VAS pain scores in favour of the
open preperitoneal group12 and the correlation with PDI scores did not reveal unexpected observations.
Such observations (a correlation between VAS and PDI but the latter to address to a broader concept
of disability than directly related to pain intensity) has been found in other study groups18. For the
present study, the group size might be too low for strong recommendations. Although their baseline
characteristics did not differ, results of twenty patients were missing, as they did not complete all three
PDI’s. Confi rmatory studies are warranted to assess the normal values of the PDI after hernia surgery as
an instrument for measuring chronic pain through disability in inguinal hernia surgery.
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Chronic pain has become increasingly important in hernia surgery. The use of the PDI can add an extra
dimension to the evaluation of inguinal hernia repair because it provides information about the patients’
impairment. Conveniently, it is a short and feasible questionnaire. Furthermore, by using it more frequently,
baseline values can be obtained in the near future. 
Box 1 The Pain Disability Index (PDI)
The index was developed at St. Louis University Medical Centre. The patient scores his/her impairment 
related to pain from none (0) to a maximum (10) on a Numeric Rate Scale is scored for each of the 
7 items. The PDI score is the total of these seven scores.
1. Family and home duties: activities related to home and family
2. Recreation: hobbies, sports and other leisure time activities
3. Social functions: participation with friends and acquaintances other than family members
4. Occupation: activities partly or directly related to working including housework orvolunteering
5. Sexual behaviour: frequency and quality of sex life
6. Self care: personal maintenance and independent daily living (bathing, dressing, etc.)
7. Life-support functions: basic life-supporting behaviours (breathing, eating, sleeping, etc.)
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Introduction
A widely accepted defi nition of pain was provided by a Committee of the International Association for the
Study of Pain: ‘Pain is an unpleasant sensory and emotional experience associated with actual or potential
tissue damage, or described in terms of such damage’1. Tissue damage activates the so-called sensory
signalling system. The signals are stimulation of nociceptors, infl ammation and nerve injuries.
Nociceptors are specialized nerve endings which respond to stimuli that may lead to pain sensation1-2.
These stimuli can be mechanical, chemical or thermal. Superfi cial somatic nociceptors respond mainly to
mechanical and thermal stimuli. They come in two types; unimodal (give rise to myelinated afferent nerve
A-delta fi bres) and polymodal (unmyelinated sensory C fi bres). The unimodal receptors respond to one
type of stimuli and, when activated, typically evoke sharp, pricking pain, like following a skin incision. The
polymodal nociceptors respond to different stimuli, bringing about long-lasting dull aching or burning pain.
Deep somatic nociceptors occur in muscle, fascia, connective tissue and joints. They respond to more
rough stimuli, like excessive force, evoking deep muscle pain. When the nociceptors are excitated, sodium
channels in the receptor membrane in the transducer molecule will open followed by infl ux of extracellular 
sodium into the cell, causing the receptor to depolarize. This in turn causes an action potential, the signal
of the sensory system, to be transferred to the dorsal root ganglion. At these central terminals in the
spinal cord, transmitters such as glutamate are released. Glutamate activates ion channels on second-order 
neurons in the spinal cord, which then relay the signals to several brain areas.
Tissue damage releases mediators like to TNF-α, interleukins, cyclo-oxygenase, histamine and chemokines.
They cause a cascade with anti- and pro-infl ammatory effects. One effect is the release of cytokines and
neurotransmittors and an altered function of the electrolytes-channels in the cells. This lowers the receptors’
threshold, which is the minimum of stimuli necessary to cause depolarisation, a phenomenon known as sensitization.
Thus, infl ammatory mediators can amplify and spread pain or change non-painful stimuli into noxious signals.
The latter mechanism involves silent or non-nociceptive receptors, which normally do not contribute to pain
sensation. They are related to myelinated A-beta fi bres and are responsible for touch and pressure sensations.
However, silent receptors may become triggered by other stimuli than touch or pressure following sensitization.
In normal wound healing nociceptive pain will fade once the noxious stimulus and infl ammation subside. 
Injury to nerves leads to pain with neuropathic characteristics. This pain is featured by a partial or complete
sensory loss or changed sensory function as a result of damage to the afferent transmission system. The defi cits
are located in a neuroanatomically defi ned area, i.e. the projected area of a damaged nerve. Neuropathic pain
may be associated with hypersensitivity2-4. Examples are allodynia (a pain response to harmless stimuli),
hyperalgesia (an exaggerated response to harmful stimuli) and hyperpathia (a response outlasting harmful
stimuli). In contrast with the nociceptive type, neuropathic pain may persist in the absence of noxious stimuli.
There is increasing recognition that long-term changes occur within the nervous system following noxious
input5. This neuronal plasticity alters the response to sensory input mediated by an increase of sodium
channels in the peripheral nerve endings. This results in hyperexcitable neurons and the generation of ectopic
activity. In addition to sodium channels, expression of calcium channels is also increased2. The entry of calcium
into the cells mediates substance P and glutamate release and correlates with the presence of allodynia.
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Impuls transfer from the nociceptor to the spinothalamic tract is mediated by neurotransmitters like excitatory
amino acid (glutamate, aspartate) and neuropeptides (neurokinin A and substance P). The dorsal horn is
the site of termination of primary afferents. In the dorsal horn and spinothalamic tract, the transmission
of nociceptive information is subject to modulation at several levels. Occupation of opioid receptors for 
example prevents the release of neurotransmitters necessary for the transmission of pain information. This
regulating feedback is called the internal pathway of inhibition. Drugs that prevent the removal of serotonin
or norepinephrine can have analgesic properties, which are called the external pathway of inhibition.
At the end of the spinothalamic tract, the thalamus acts as a relay station that sends pain impulses to
different areas of the brain for processing. These areas don’t translate blindly  every single impulse into pain.
It recognizes patterns or total pictures of stimuli. Even then, the perception of these pictures or patterns is
coloured by the patient himself. Involved factors are a person’s emotions, cognitions, experience, behaviour,
disease or injury. The infl uence of these patients’ factors is not restricted to the cerebral processing alone,
they can interfere with the onset of signalling. For the forthcoming collective review the patients’ factors were
scrutinized into genetics, age, memory, experience, mental and activity state. Anaesthesia and adjuvants
represent medical pain reducing interventions.
Figure A sequential pain model for postoperative pain
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In summary, noiciceptor stimulation and nerve injury are the starting point. The transmission of nociceptive
information can be modulated by patients’ factors and medical pain reducing interventions with possible
plastic changes in the signalling system (‘neuroplasticity’). The result is the perception of pain (Fig.).
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Introduction
Chronic pain after inguinal hernia repair has an estimated risk of 11% with a wide range of 0 to 43%1.
Although this estimation is the result of a systematic review, incidences varied widely between the studies
included due to different defi nitions of pain. A widely accepted defi nition was provided by a Committee of 
the International Association for the Study of Pain: ‘Pain is an unpleasant sensory and emotional experience
associated with actual or potential tissue damage, or described in terms of such damage’2. In order to
consider this defi nition of pain in a comprehensive way different models exist. In this collective review a
straight forwarded sequential model was used (Fig. 1). Hernia repair encompassing dissection, use of foreign
material and infl ammation causes injury to tissue (nociceptive pain) and to nerves (neuropathic pain)3-5.
In its transmission to the cerebral cortex, the nociceptive information can be modulated by patients’ factors
and medical and cognitive pain reducing interventions. Considered as patients’ factors are genetics, age,
memory, experience, mental and activity state. Anaesthesia and adjuvants represent medical pain reducing
interventions. Their combined effect results into the experience of pain. This experience may become
chronic with persisting stimulation or by changes in the sensory signalling system, so-called neuroplasticity6.
This model is used to support the review of noxious stimuli of hernia repair, followed by the discussion of 
the medical pain reducing interventions and patients’ factors to complete the overview
Figure 1 A sequential pain model for postoperative pain
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Nociceptor stimulation and nerve injury in inguinal hernia repair
Several components of hernia surgery bring about pain. Its effect is the combination of dissection and
infl ammation, causing nociceptor stimulation and nerve injury (Fig. 2).
Figure 2  Components of inguinal hernia repair
Above the arrow: dissection-related, below the arrow: infl ammation-related
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The experience of the operating team and the surgical technique could determine the extent of the
dissection. Although the experience did not seem to infl uence the risk of postherniorrhaphy pain in at least
three large studies7-9, careful dissection to reduce the infl ammatory responses is advocated4. The minimal
invasive endoscopic approach indeed is associated with less postoperative pain compared to the open
approach1,10-11. The benefi ts of the endoscopic approach might also be explained by less encounters with
nerves. This is corroborated by the studies comparing the anterior and posterior open approach12-15.
The normal infl ammation encountered in the surgical fi eld is wound healing. Complications like infection
and haematoma allow infl ammatory mediators to lower the threshold of nociceptors which may enhance
pain16-17. In one randomised study signifi cantly less pain was described after two and six weeks in patients
whom ligation of the hernia sac was omitted compared with those who had a ligation18. Hypothetically,
the injury to the peritoneum causes a visceral component of pain though chemical stimulation of small,
unmyelinated C-fi bres. This hypothesis was not sustained in another report investigating peritoneal tears
during endoscopic hernia repair19.
The use of a prosthetic mesh is the gold standard in hernia repair, since recurrence rates are signifi cantly
lower as in autologous repair. In experimental studies however prosthetic material elicited a biomaterial-
dependent chronic infl ammatory response20. The foreign body response to meshes resulted in axon
oedema, loss of myelinated axons, peri- and endoneurinal oedema and subsequent pain21. In clinical
practice, different shapes and materials are used, but no difference in pain results were observed22.
Less material or light-weighted meshes seem to results in less pain1.
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Pain may also be dependent on the method of fi xation. Sutures may cause ischemia, muscle contraction
or nerve damage resulting in pain. This is corroborated by the fact that removal of sutures can be an
effective treatment in patients with pain23-24. According to some authors, suturing through the periosteum
of the pubic bone is may elicit pain and may also result in (peri)osteitis9. To limit the possible nociception
due to fi xation, some authors advocate the use of absorbable materials8. In two trials however randomizing
between non-absorbable sutures and absorbable sutures and fi brin glue no differences in pain sensation
were found25-26. In a comparable study design no signifi cantly lower pain scores were reported when a
mesh was fi xated with staples instead of sutures27.
Injury to nerves or sensory transmitting systems leads to neuropathic pain. This may be caused by transection
(neurectomy), by blunt or sharp dissection or as a result of entrapment. The anatomy of the nerves in the
inguinal region varies widely28. The ilioinguinal nerve is classically described as the primary cause of neuropathic
pain because the nerve runs through the centre of the operative fi eld. Also the iliohypogastric and the
genitofemoral nerve are at risk in open surgery. The lateral femoral cutaneous and the femoral and obturator 
nerve are at risk when the operation is done laparoscopically. Routine transsection of the nerves does not seem
to diminish neuropathic pain1, although a recent double-blinded study found some advantages29.
Dissection of the spermatic cord can cause damage to the vas deferens and the blood supply of the testis.
Damage to the somatic sacral or sympathetic nerves of the vas deferens may cause dyssynergia of the
ejaculatory muscles, which was reported in 2 of 315 patients in the study of Cunningham9. Damage to the
testicular artery causing ischaemic orchitis and injury to the veins may both result in atrophy of the testis.
Injury to the genital branch of the genitofemoral nerve may also cause pain30. Testicular pain has been
reported in about 9% of all inguinal hernia repairs in a systematic review1.
Medical pain reducing interventions
Anaesthesia, adjuvants (cooling, warming, transcutaneous electrical nerve stimulation, acupuncture),
perioperative and pre-emptive analgesia are regarded as interventions in processing nociceptive information
(Fig. 3). As far as investigated in the fi eld of inguinal hernia repair their results are discussed below.
Figure 3  Medical pain reducing interventions
Above the arrow: anaesthesia, below the arrow: adjuvants
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In a simplistic model of pain, the analgetic component of anaesthesia can be considered to block a
pathway. Examples are binding to peripheral and central receptors (opiates) or inhibition of cyclo-oxygenase
synthesis (NSAID)6. Preferably different classes of analgesics and different sites of analgesic administration
are used. The concept of multimodal analgesia is to provide superior pain relief with reduced analgesic-
related side effects2.
Anaesthesia is used to diminish intra-operative pain. The technique can be local, locoregional or general or 
a combination of these techniques. In a recent review, local anaesthesia gave the most favourable results
with regard to pain31. Local anaesthesia was found to give a decreased systemic response as determined
by c-reactive protein levels, compared to general anaesthesia32. An ilioinguinal blockade additional to local
infi ltration as well as subfascial instead of subcutaneous injection were found to diminish pain33-34. Better 
results have also been reported for the paravertebral blockade35-36.
The infl uence of some non-pharmacological interventions on neuronal transmission has been studied.
Cooling has been hypothesized to decrease the excitability of free nerve endings and to slow down noxious
stimuli transmission whereas warming was suggested to diminish pain by lowering the local infl ammatory
response. Both cooling and warming were reported to diminish postoperative pain in clinical studies37-38.
Based on the gate-control-theory, non-noxious stimuli of the perioperative fi eld may inhibit passage of 
noxious stimuli, a principle that is applied in transcutaneous electrical nerve stimulation (TENS) therapy6.
The use of the TENS in the perioperative period of hernia repair showed however no benefi t but it proved
to be an effective treatment against chronic inguinal pain39-41. Bases on the same principle, analgesia can
be provided with acupuncture42.
As stated in the introduction, there is increasing recognition that long-term changes occur within the peripheral
and central nervous system following noxious input6. This neuronal plasticity may alter the response to
sensory input. Roughly translated for practical use, this is the memory for pain and is the theoretical base for 
pre-emptive analgesia. Pre-operative and direct postoperative pain are associated with chronic pain4,7,9,43-44.
It is unclear whether this association is an indication of neuronal plasticity or predisposing constitution of 
the patient or both4. The use of perioperative analgesics is anyhow to diminish direct postoperative pain,
preferably established by multimodal analgesia4. Treatment with analgesia before noxious stimuli cause
excitation of the nociceptor is called pre-emptive analgesia. Its benefi t has been shown in basic animal
models. In several studies on pre-emptive analgesia in human clinical models, however, these results could
not be confi rmed45.
Patients’ modulators of nociceptive information
Modulators of nociceptive information represent the patients’ characteristics or features. They are roughly
divided into genetics, age, memory of pain, mental and activity state. Positioned above is the feature
of experience, as it is more or less related to recognition of pain, age and mental state (Fig. 1). In this
synopsis experience as a general concept comprises knowledge of pain gained through previous exposure
like chronic pain syndromes or previous abdominal surgery. The given order of features is of declining
consistency from invariable genetics up to changing activity state. The discussion below of each feature
based on the collected literature is by no means complete.
The most obvious example of the infl uence of genetic disorders on pain is a gene mutation that results
in dysfunction of the sodium channels in the cell resulting in insensitivity for pain46. Also, there is some
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evidence that genetic polymporphisms is associated with a greater risk to develop chronic pain4,47-52. For back 
pain, additive genetic effects were found to be modest contributors in male twins47. Genetic variations in a
gene that encodes for Catechol-O-MethylTransferase (COMT) and the human-mu-receptor were found to be
associated with differences in pain sensation48-50. Gene therapy is already successfully applied in chronic pain
treatment51-52. Assessment of genetic profi les may be usable to predict therapy outcome.
Age is regarded as an independent inverse determinant7,53-54. The elderly seem to rely predominantly on
C-fi bre input whereas younger adults have additional input from A-delta fi bres. This results in a decreased
function of the noiciceptive sensation and an increased pain/heat perception threshold in the elderly55-56.
Furthermore, psychosocial variables may alter during aging and infl uence pain perception (experience).
The lower pain scores in the elderly may be disturbed by pain measurement using the visual analogue
scale, on which the elderly tend to underscore their pain57.
Chronic pain is more often found after repair of recurrent hernias than after primary repair7,44. More
extensive dissections and a higher risk of nerve damage following previous hernia repair and previous
lower abdominal surgery may be responsible. But pain memory may also be of importance, since more
chronic pain syndromes are found in patients with severe inguinodynia8. These patients may also suffer 
from pathologic pain perception. Descending pain modulation may play a key role: the pain-facilitating
system may be activated but not turned off, rather promoting than inhibiting spinal neuron activity.
The mental state can be of infl uence on endogenous opiates and neural substrates and thereby on the
sensation of pain58-59. Catastrophizing is a disorder that leads to inability to tolerate pain or thoughts that
pain is unbearable58,60-62. The presence of catastrophizing thoughts might be associated with pain in hernia
repair patients as it was in breast surgery and dental procedure patients62. The same applies for depression,
fi nding evidence in chronic pelvic and back pain. It remains unclear whether the pain contributes to the
depression or the depression to the pain.
Anxiety is another psychological variable and can be divided into state and trait anxiety. State anxiety is
a transitory state which varies in intensity and fl uctuates over time, and trait anxiety can be defi ned as a
personality disposition which remains relatively stable over time. State anxiety was found to be a predictor 
of postoperative pain in abdominal hysterectomy63-64, as it was following other abdominal surgery61. Anxiety
and catastrophizing are reactions associated with fear of pain61,65. Fear of pain was found to be related
with the intensity of pain in a study wherein volunteers were administered a cold pressor procedure. The
elevated fear of pain was hypothesized to induce avoidance behaviour, which in turn leads to a disuse
syndrome, chronic disability and an exaggerated pain perception.
Interventions to the mental state, for example decreasing anxiety and subsequent pain have been
investigated66-70. Listening to music during and after a hernia repair lead to a reduction in pain66-67.
Preoperative administration of anxiolytic benzodiazepines, however, had a minimal reductive effect on
patient-controlled analgesia use68. Intervention of a nurse telephoning patients postoperatively with advice
and support resulted in less pain69. The intervention of adequate preoperative information has been
investigated in paediatric hernia repair. Patients experienced less postoperative pain if the parents were
provided with information about the surgery70. The combination of sensory information (description of the
sensations that the patients likely will experience) and procedural information (emphasizes the sequence
of medical procedures) yielded the strongest benefi ts in terms of reducing negative affect and pain reports
in a meta-analysis71.
Employment has been reported to be an infl uencing factor to chronic pain, however, might be biased by
age and physical activity7,43.
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Comment
The present collective review described the results of a portion of the literature on pain following hernia
repair. Especially the issues on psychosocial variables, neuroimmunology, neuroanatomy and pharmacology
are taken into minimal consideration in this review. These subjects are less frequently discussed in reports
concerning pain following inguinal hernia repair, as the fi eld of hernia research is focussed merely on surgical
techniques. The mutually compared degree of infl uence on pain of the factors is diffi cult to determine.
An impression of the value of factors mentioned in this review is shown in the fl ow chart.
Flowchart Impression of infl uences on pain
Influence
ligation hernia sac
complicationsendoscopic approach
high low
weight of mesh
extensive dissectionnerve entrapment ischamic orchitis
perioperative analgesicsneuronal plasticity
local block
genetic disorder pain experience
age mental stage chronic pain syndromes
depressionadvice and supportmusic
catastrophizing physical activity fear of pain
recurrence preoperative information
previous lower abdominal surgery TENS
acupuncture cooling/warming
pre-emptive analgesics
experience of surgeon
fixation method preventive neurectomy
form of mesh
The postoperative interval to pain assessment infl uences the outcome. Lower pain levels are found when
follow-up is longer1. Also relevant is the instrument for assessing chronic pain. In prospective hernia trials, a
questionnaire is the most often used instrument1. Compared to the use of a scale instrument like the visual
analogue scale or verbal descriptor scale, the questionnaire reveals lower pain levels1. One explanation could
be a certain threshold to answer positively for pain, whereas with a scale a low score could be reported.
Theoretically, the infl uence of the pain assessment instrument would be diminished with the use of quantitative
sensory testing72-73. In here, the sensory changes are measured objectively. Most studies found no or weak 
relationship with subjective pain measures74. For understanding aetiology and therapeutic mechanisms
however, these objective measurements could provide additional information in future studies.
Strategies for the prevention of chronic pain surpass variations in surgical techniques alone. The present
review provided an insight in possible explanatory factors of pain and their mutual interference was
emphasized. Regarding the different participants of the modulators, teamwork will be successful in
preventing pain (Fig. 4).
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Figure 4 Participants of a pain-preventing team
preventing
painteamwork
surgeon
nurse
anaesthesiologist physiotherapist
patient psychotherapist
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Summary
One of the most frequently performed surgical procedures is inguinal hernia repair. Good results in
preventing recurrences are achieved by mesh-based techniques. Chronic pain casts a shadow over this
success. Although not all features and consequences were fi gured out yet, chronic pain incidence has been
reported up to 63% one year postoperatively. The aim of this thesis was to evaluate the results of inguinal
hernia repair, focussing on chronic pain.
In 2001, most commonly used techniques in open inguinal hernia repair were the Lichtenstein, mesh
plug repair and the Prolene Hernia System repair. To reveal the superior technique in terms of chronic pain
and quality of life, a total of 334 patients were allocated blindly and at random to receive one of these
three meshes (chapter 2). The quality of life was assessed with the Short Form 36 and pain by a visual
analogue scale (VAS) during 14 days and at 3 and 15 months after surgery. Operative complications were
rare and comparable between the groups. Long-term follow-up was completed by questionnaire in 95.8%
of patients. There were no signifi cant differences in pain parameters between the three meshes. Overall,
43.3% of patients reported some form of groin pain. The severity of the chronic pain correlated with a
higher pain score in the fi rst 2 weeks after surgery (P < 0.001). A signifi cant reduction in scores for role
emotional (short-term) and vitality (long-term) quality of life domains was found in patients who underwent
a Lichtenstein repair. These results did not show any clinically signifi cant difference in postoperative pain
and quality of life between the three types of mesh hernia repair. Severe early postoperative pain reliably
predicted the likelihood of persisting chronic groin pain.
The results of this randomized trial provided a database for analyzing chronic pain after anterior mesh
hernia repair to determine the characteristics and identify risk factors (chapter 3). A postal questionnaire
that included a VAS pain score, pain descriptions, and questions about numbness and prosthesis awareness
was completed after a mean period of 15.4 months (range 7-33). Signifi cantly less intense chronic pain
was reported with increasing age (R = -0.267, P < 0.001) and pain descriptors were used less frequently
(P < 0.001). This indirectly refl ected the signifi cance of employment (P = 0.019) and body mass index
(R = -0.166, P = 0.005) in a univariate analysis as most elderly patients were unemployed and had
a higher body mass index. Long-term VAS pain score correlated signifi cantly with pain directly after an
operation (R = 0.253, P < 0.001). Reported pain increased with the presence of numbness (P < 0.001)
and the number of descriptions used (R = 0.389, P < 0.001). Patients using only neuropathic (due to
nerve injury) descriptions (n=56) suffered signifi cantly more intense pain (VAS score 26.5 versus 16.6,
P = 0.014) than those using only words indicating nociceptive (due to tissue injury) pain (n = 47). Chronic
pain after anterior mesh hernia repair was concluded to be determined by younger age and stronger pain
directly after the operation. For patients with chronic neuropathic pain, its intensity is aggravated when
numbness is present and the number of words to describe pain increases.
In addition, the easiness of the three meshes was evaluated as the ease and extent of dissection is
acclaimed to be associated to pain. The evaluation was for operating time, incision length, perceived
diffi culty and surgeon’s satisfaction. The Lichtenstein technique took signifi cantly the longest operating
time (52 minutes versus 41 and 42 minutes; P < 0.001). The mesh plug repair scored the best results
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in diffi culty and satisfaction. Overall, surgeons having performed more than 5 procedures rated the
repairs less diffi cult and with signifi cantly more satisfaction (P < 0.001 and P = 0.001, respectively).
The complication rate did not differ between the treatment groups. None of the operative fi ndings
was correlated to the outcome, except for adverse correlation with the body mass index. The mesh
plug repair was considered superior to the Lichtenstein technique and the Prolene Hernia System for 
operating time, incision length, perceived diffi culty, and surgeon’s satisfaction. This easiness, however,
was not associated with less pain.
There is a growing interest in the use of local anaesthesia for inguinal hernia repair. It certainly seems
to be an acceptable alternative for the elderly. Supporting intravenous sedation, however, still requires
monitoring, anaesthetic personnel and some preparations for the patient. Therefore, a feasibility study of 
hernia repair under local anaesthesia without intravenous sedation or monitoring in elderly patients was
set up (chapter 4). A total of 62 patients (aged 65 years or more) with unilateral inguinal hernia enrolled
the study. Prospectively collected data included procedure-related complications and information on pain
and quality of life as measured by Short Form 36. As a result, no procedure-related complications were
noted. Compared to the preoperative scores, the SF-36 scores on day 14 did not differ signifi cantly (n = 61).
After a median follow-up of ten months (n = 54), signifi cant higher scores were found for scales of 
physical and emotional role and pain (all P < 0.05). Twenty-two patients reported some form of pain
(40.7%). 94.4% of the patients would recommend the procedure when asked. The results of this
study indicated that mesh plug repair performed under local anaesthesia without intravenous sedation
is a feasible alternative for elderly patients. It has advantages for the medical organization without
disadvantages for the patient.
The objectives of the study in chapter 5 were to review the incidence, severity and consequences of 
chronic pain and its aetiologies. A multi-database systematic search was conducted for prospective trials
on mesh-based inguinal hernia repair reporting the measurement and outcome of pain at least three
months postoperatively with a minimum follow-up of 80%. Twenty-nine eligible trials, which included
8350 evaluated participants, were identifi ed. Pooled proportion meta-analysis showed an incidence of 
11.4% (95% CI 10.7-12.1) chronic pain. This pain was rated moderate to severe in 26.1%. Limitations
in daily activities were reported for 137 out of 432 pain patients (31.7%). Multivariate-analysis showed
an Odd’s Ratio (OR) of 0.51 (0.43-0.60) in chronic pain measured with a questionnaire as compared
to measurement with a scale instrument. Combined results of two trials randomizing between nerve
preservation and division showed no signifi cant difference in incidence of chronic pain (OR 1.11; 0.78-
1.56). Signifi cantly less chronic pain was found for the endoscopic approach (OR 0.61; 0.49-0.77, 8 trials)
and when a light-weighted mesh was used (OR 0.61; 0.43-0.88, 2 trials). More pain was reported after 
recurrent hernias, previous lower abdominal surgery and younger patients.
The open preperitoneal approach in inguinal hernia repair possibly has the benefi t of less pain due to
a mesh in the preferred space without passing the inguinal canal. To investigate this benefi t, a total of 
172 patients with primary inguinal hernia was randomized to undergo the open preperitoneal Kugel or 
the standard open anterior Lichtenstein procedure in a teaching hospital (chapter 6). Main outcome
measures were operating variables, VAS pain scores and consumed analgesics during the fi rst two weeks
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postoperatively and at three months, neurological examination and complications. In the Lichtenstein group,
the operation took longer (54 versus 41 min; P < 0.001). There were no clinically important differences
in VAS pain score or number of analgesics during the fi rst two weeks postoperatively. In the Kugel group,
the mean VAS pain score at three months was less (0.3 versus 0.9; P = 0.002) as well as the proportion
of patients reporting pain (21% versus 40%; P = 0.007). Pain was merely described as neuropathic,
especially in the Lichtenstein group. With the anterior repair signifi cantly more nerves were encountered,
numbness reported and cutaneous sensory changes found with neurological examination (all P < 0.001).
For those surgeons preferring an open approach, the Kugel procedure is a feasible alternative for the
standard Lichtenstein procedure and is associated with less chronic pain at three months. Most likely the
neuropathic pain and numbness with the Lichtenstein technique are results of more nerves at risk with the
anterior approach.
The introduction of the Pain Disability Index (PDI) in mesh-based hernia repair is described in chapter 7.
The PDI, a questionnaire wherein patients rate their impairment, was assessed preoperatively, after two
weeks and three months after Lichtenstein and Kugel repair. The scores of all measure moments were
available for 146 patients (85%). A correlation between the PDI and VAS pain score was found at all
moments (P < 0.001). A total of 47 patients reported chronic pain. The intensity of their pain correlated
more signifi cantly with the PDI than VAS pain scores at two weeks postoperatively (R = 0.286, P < 0.001
versus R = 0.175, P = 0.036). Thirty chronic pain patients reported restrictions. The main disabilities were in
recreation, occupation and sexual activities. Their PDI scores were not infl uenced by the type of work (light
or heavy) (P = 0.570). Twelve patients without chronic pain reported impairment in daily life (mean PDI
score 8.8 ± 10.8). These results showed the feasibility of the PDI in inguinal hernia repair and its adjuvant
value in pain measurement.
Different models are available to consider pain in a comprehensive way. In the collective review presented
in chapter 8, a straight forwarded sequential model was used. Hernia repair encompassing dissection, use
of foreign material and infl ammation causes injury to tissue (nociceptive pain) and to nerves (neuropathic
pain). Each aspect of dissection (hernia sac ligation, neurectomy, nerve entrapment, fi xation and approach)
and infl ammation (experience, complications, foreign material, periostitis, and orchitis) was evaluated
toward pain. In its transmission to the cerebral cortex, the nociceptive information can be modulated
by medical pain reducing interventions and patients factors. Discussed aspects of medical pain reducing
intervention were anaesthesia, acupuncture, cooling, warming, TENS, perioperative and pre-emptive
analgesia. As patients modulators of nociceptive information were evaluated genetic disorders, age,
experience, previous inguinal and lower abdominal surgery, and chronic pain syndromes. The discussion
of the infl uence of physical and mental state on pain included catastrophizing, depression, state anxiety,
fear of pain, music, and preoperative information. The combined effect of all these aspects results into the
experience of pain. This experience may become chronic with persisting stimulation or by changes in the
sensory signalling system, so-called neuroplasticity. The overview provided a more holistic synopsis of pain
following hernia repair to support the discussion of the outcome found in future studies. Furthermore, the
mutual interference of the pain issues was emphasized. With regard to the different participants of the
modulators (surgeon, nurse, anaesthesiologist, physiotherapist, patient, psychotherapist, etc.), team work 
will be successful in preventing pain.
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Conclusions
The Lichtenstein, Prolene Hernia System and mesh plug repair are common techniques in open inguinal
hernia repair. None of them is superior in terms of chronic pain and quality of life. The signifi cant ease of 
the mesh plug technique does not lead to less pain, however, facilitates the feasibility to perform under 
local anaesthesia without intravenous sedation in the elderly patient. Compared to the Lichtenstein repair,
the open preperitoneal Kugel repair results in less numbness, less cutaneous sensory changes and less
chronic pain due to fewer nerves encountered with this approach.
Chronic pain after mesh-based inguinal hernia repair has a true incidence is 11% of which one-quarter is
moderate to severe. The portion of rating pain on a VAS is twice as much as indicating the presence of pain.
Chronic pain is merely described as neuropathic and limits daily life activities for one-third of the patients. To
assess these limitations, the Pain Disability Index is a straightforward adjuvant questionnaire.
Chronic pain is associated with severe early postoperative pain. Preventive options so far are the posterior 
approach and light-weighted mesh, however, not the routine transection of the nerves. A more holistic
synopsis of pain after hernia repair reveals many more surgical aspects, medical pain reducing interventions
and patient factors. The mutual interference of the pain issues emphasizes that the prevention of chronic
pain is team work.
Chronic pain is not unique to inguinal hernia repair. Post-surgical pain is a common fi nding. It has been
described also after mastectomy, median sternotomy, limb amputation and gallbladder surgery with a
comparable range of prevalence1-2. With regard to the number of patients treated annually, hernia repair 
trials will contribute to the knowledge of the general and patient factors infl uencing pain and will be suitable
for team work fi nding strategies for prevention of chronic pain. This can be extrapolated to other surgical
procedures and thereby reducing post-surgical pain.
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Een van de meest uitgevoerde chirurgische interventies is het herstel van een liesbreuk. Goede resultaten
in de preventie van recidieven worden bereikt met een prothese techniek. Dit succes wordt overschaduwd
door chronische pijn. Ook al zijn nog niet alle aspecten en gevolgen bekend, het voorkomen van chronische
pijn een jaar postoperatief is beschreven tot 63%. Het doel van dit proefschrift was de resultaten van
liesbreukherstel te evalueren op chronische pijn.
Voor open liesbreukherstel waren de Lichtenstein, de mesh plug en de Prolene Hernia System in
2001 de meest gebruikte technieken. Om de superieure techniek in chronische pijn en kwaliteit van
leven te achterhalen, werden in totaal 334 patiënten gerandomiseerd voor een van deze drie protheses
(hoofdstuk 2). De kwaliteit van leven werd gemeten met de Short Form 36 en pijn met een Visueel Analoge
Schaal (VAS) gedurende de eerste 14 dagen en 3 en 15 maanden na de ingreep. Operatieve complicaties
waren zeldzaam en vergelijkbaar tussen de groepen. Lange termijn follow-up met een vragenlijst was
compleet voor 95,8% van de patiënten. Er waren geen signifi cante verschillen in pijn parameters tussen
de drie protheses. 43,3% van de totale groep gaf enige vorm van liespijn aan. De ernst van chronische pijn
correleerde met een hogere pijn score in de eerste 2 weken na de operatie (P < 0,001). Een signifi cante
vermindering in kwaliteit van leven scores voor de patiënten in de Lichtenstein groep werd gevonden in
de subschaal emotie (korte termijn) en vitaliteit (lange termijn). Deze resultaten lieten geen enkel klinisch
relevant verschil zien in postoperatieve pijn en kwaliteit van leven tussen de drie soorten protheses. Ernstige
direct postoperatieve pijn voorspelde redelijk de aannemelijkheid van persisterende chronische pijn.
De resultaten van deze gerandomiseerde studie vormden een gegevensbestand voor het analyseren van
chronische pijn na anterieure liesbreukherstel met een prothese om de karakteristieken en risico factoren te
achterhalen (hoofdstuk 3). Een schriftelijke vragenlijst met een VAS pijn score, pijnbeschrijvingen en vragen
over een doof gevoel van de huid of aanwezigheid van de prothese, werd ingevuld na een gemiddelde periode
van 15,4 maanden (bereik 7-33). Signifi cant minder intense chronische pijn werd gevonden bij een hogere
leeftijd (R = -0,267, P < 0,001) en wanneer minder pijnbeschrijvingen waren gebruikt (P < 0,001). Deze relatie
verklaarde indirect de signifi cante invloed van het beroep (P = 0,019) en de body mass index (R = -0,166,
P = 0,005) in een univariate analyse aangezien meest oudere patiënten gepensioneerd en zwaarder waren.
De lange termijn VAS pijn score correleerde signifi cant met pijn direct na de operatie (R = 0,253, P < 0,001).
De pijn nam toe bij een doof gevoel van de huid (P < 0,001) en het aantal gebruikte pijnbeschrijvingen
(R = 0,389, P < 0,001). De patiënten die alleen neuropathische (door zenuwschade) pijnbeschrijvingen
gebruikten (n = 56), gaven een signifi cant intensere pijn aan (VAS score 26,5 versus 16,6, P = 0,014) dan
diegene met alleen noiciceptieve (door weefselschade) beschrijvingen (n = 47). Chronische pijn na anterieure
liesbreukherstel met prothese werd dus bepaald door een jongere leeftijd en een intensere pijn direct
postoperatief. Zeker bij patiënten met chronische neuropathische pijn, neemt de intensiteit toe bij een doof 
gevoel van de huid en bij meer gebruikte pijnbeschrijvingen.
Ook het gebruikgemak van de drie protheses werd geëvalueerd aangezien de makkelijkheid en mate van
dissectie geassocieerd zou zijn met pijn. De evaluatie bestond uit de operatietijd, de lengte van de incisie
en de beoordeelde moeilijkheidsgraad en tevredenheid van de operateur. De Lichtenstein procedure duurde
signifi cant het langst (52 minuten versus 41 en 42 minuten; P < 0,001). De mesh plug techniek scoorde de
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beste resultaten op moeilijkheidsgraad en tevredenheid. Chirurgen met een ervaring van meer van 5 procedures
beoordeelden de technieken als signifi cant minder moeilijk met een hogere tevredenheid (P < 0,001 en
P = 0,001, respectievelijk). Het aantal complicaties verschilde niet tussen de behandelingen. Geen van de
operatieve bevindingen was gerelateerd aan de uitkomsten, behalve een omgekeerd evenredige correlatie met
de body mass index. De mesh plug techniek was superieur in vergelijking met de Lichtenstein en de Prolene
Hernia System in termen van operatie tijd, lengte van de incisie, beoordeelde moeilijkheid en tevredenheid van
de operateur. Deze gemakkelijkheid van de techniek was echter niet geassocieerd met minder pijn.
Er is een toenemende interesse in het gebruik van lokale anesthesie bij liesbreukherstel. Het lijkt zeker een
acceptabel alternatief voor de oudere patiënt. Toegevoegde intraveneuze sedatie echter vereist nog steeds
monitoring, anesthesie personeel en enkele voorbereidingen voor de patiënt. Om die reden werd een
haalbaarheidsstudie opgezet voor liesbreukherstel onder lokale anesthesie zonder intraveneuze sedatie of 
monitoring bij de oudere patiënt (hoofdstuk 4). In totaal werden 62 patiënten (65 jaar en ouder) met een
enkelzijdige breuk geïncludeerd in de studie. Prospectief verzamelde gegevens waren proceduregerelateerde
complicaties en informatie over pijn en kwaliteit van leven gemeten met de Short Form 36. Als een
resultaat werden geen proceduregerelateerde complicaties gevonden. Op dag 14 verschilden de SF-36
scores niet signifi cant van de preoperatieve waarde (n=61). Na een mediane follow-up van 10 maanden
(n = 54) werden signifi cant hogere scores gevonden op de schalen van fysieke en emotionele rol en pijn
(allen P < 0,05). Tweeëntwintig patiënten gaven enige vorm van pijn aan (40,7%). 94,4% van de patiënten
zou desgevraagd de behandeling aanbevelen. De resultaten van deze studie laten zien dat mesh plug techniek 
onder lokale anesthesie zonder intraveneuze sedatie een haalbaar alternatief is voor de oudere patiënt.
Het heeft voordelen voor de gezondheidsorganisatie zonder nadelen voor de patiënt.
Het doel van de studie in hoofdstuk 5 was het bekijken van de incidentie, ernst en consequenties van
chronische pijn na liesbreukherstel en zijn oorzaken. Een systematische zoektocht in meerdere databestanden
werd verricht naar prospectieve studies bij liesbreukherstel met prothesemateriaal die de meting en
uitkomst van pijn minimaal 3 maanden postoperatief vermelden met een minimale follow-up van 80%.
Negenentwintig geschikte studies met in totaal 8350 geëvalueerde patiënten werden geïdentifi ceerd. De
gepoolde meta-analyse liet een incidentie zien van 11,4% (95% BI 10,7-12,1) chronische pijn. Deze pijn
werd beoordeeld als matig tot ernstig in 26,1%. Beperkingen in dagelijkse activiteiten werden gerapporteerd
voor 137 van de 432 pijn patiënten (31,7%). Een multivariate analyse liet een Odd’s Ratio (OR) zien van
0,51 (0,43-0,60) voor chronische pijn gemeten met een vragenlijst in vergelijking tot metingen met een
schaal instrument. Gecombineerde resultaten van twee studie die randomiseerde tussen zenuw sparen
en doorsnijding liet geen signifi cant verschil zien in incidentie van chronische pijn (OR 1,11; 0,78-1,56).
Signifi cant minder pijn werd gevonden bij een endoscopische benadering (OR 0,61; 0,49-0,77, 8 studies)
en wanneer gebruik gemaakt werd van een lichtgewicht mat (OR 0,61; 0,43-0,88, 2 studies). Na het
herstel van recidiefbreuken, eerdere onderbuikschirurgie en jongere patiënten werd meer pijn gemeld.
De open preperitoneale benadering bij liesbreukherstel heeft mogelijk het voordeel van minder pijn
door de ligging van het prothesemateriaal in de voorkeurspositie zonder het lieskanaal te passeren.
Om dit mogelijke voordeel te onderzoeken werden in totaal 172 patiënten met een primaire liesbreuk 
gerandomiseerd voor een open preperitoneale Kugel of standaard open anterieure Lichtenstein behandeling
te ondergaan in een opleidingsziekenhuis (hoofdstuk 6). De belangrijkste uitkomsten waren de operatieve
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parameters, VAS pijn scores en gebruikte pijnstillers gedurende de eerste 2 weken postoperatief en na drie
maanden, neurologische onderzoeken en complicaties. In de Lichtenstein groep duurde de operatie langer 
(54 versus 41 min; P < 0,001). Er was geen klinisch relevant verschil in VAS pijn score of aantal pijnstillers
gedurende de eerste twee weken postoperatief. In de Kugel groep was de gemiddelde VAS pijn score na
3 maanden lager (0,3 versus 0,9; P = 0,002) alsook het aandeel patiënten dat pijn aangaf (21% versus
40%; P = 0,007). De pijn werd meestal beschreven als neuropathisch, vooral in de Lichtenstein groep.
Met de anterieure benadering werden signifi cant meer zenuwen tegengekomen, doof gevoel gerapporteerd
en huid sensorische veranderingen gevonden bij neurologisch onderzoek (allen P < 0,001). De Kugel
procedure is een verantwoord alternatief voor de standaard Lichtenstein procedure voor chirurgen met een
voorkeur voor een open benadering en het is geassocieerd met minder chronische pijn na 3 maanden.
De neuropathische pijn en het doffe gevoel bij de Lichtenstein techniek is naar aller waarschijnlijkheid het
resultaat van meer zenuwen in gevaar door de voorste benadering.
De introductie van de Pain Disability Index (PDI) in een liesbreukonderzoek wordt beschreven in hoofdstuk 7.
De PDI, een vragenlijst waarbij patiënten hun beperkingen scoren, werd gebruikt preoperatief, 2 weken en
3 maanden na een Lichtenstein en Kugel herstel. De scores van alle meetmomenten waren beschikbaar 
voor 146 patiënten (85%). Op alle meetmomenten correleerde de PDI met de VAS pijn score (P < 0,001).
In totaal gaven 47 patiënten chronische pijn aan. De intensiteit van hun pijn correleerde meer signifi cant
met de PDI dan met de VAS pijn scores na 2 weken postoperatief (R = 0,286, P < 0,001 versus R = 0,175,
P = 0,036). Dertig chronische pijn patiënten gaven beperkingen aan. Recreatie, werk en seksuele activiteit
waren het meest beperkt. Hun PDI score werden niet beïnvloed door het soort werk (licht of zwaar)
(P = 0,570). Twaalf patiënten zonder chronische pijn gaven beperkingen in dagelijkse activiteiten aan
(gemiddelde PDI score 8,8 ± 10,8). Deze resultaten toonden de haalbaarheid van de PDI in liesbreuk 
herstel aan met zijn meerwaarde voor pijnmeting.
Er bestaan verschillende modellen om pijn op een overzichtelijke wijze te bekijken. In een verzamelend
overzichtsartikel, gepresenteerd in hoofdstuk 8, werd een eenvoudig model met opeenvolgende
stappen gebruikt. Door dissectie, het gebruik van lichaamsvreemd materiaal en ontsteking, veroorzaakt
liesbreukherstel schade aan weefsel (noiciceptieve pijn) en aan zenuwen (neuropathische pijn). Elk aspect
van dissectie (breukzak onderbinding, zenuwdoorsnijding, zenuwbeklemming, fi xatie en benadering) en
van ontsteking (ervaring, complicaties, lichaamsvreemd materiaal, peri-ostitis en orchitis) werd bekeken
in relatie tot pijn. In de transmissie naar de cerebrale cortex kan de pijn informatie gevormd worden
door medische interventies en patiënten factoren. Besproken medische interventies zijn anesthesie,
accupunctuur, koude/warmte, TENS, peri-operatieve en pre-emptive pijnstilling. Als patiënt factoren werd
besproken genetische afwijkingen, leeftijd, ervaring, eerdere lies- of onderbuikschirurgie en chronische
pijnsyndromen. De discussie over de invloed van de fysieke en mentale status op pijn betrof catastroferen,
depressie, moment angst, angst voor pijn, muziek en preoperatieve informatie. Het gecombineerde effect
van al deze aspecten resulteert in de beleving van pijn. Deze beleving kan chronisch worden bij blijvende
stimulatie of door veranderingen in het zenuwsignalerende systeem, de zogenaamde neuroplasticiteit.
Het overzicht gaf een meer holistisch geheel van pijn na liesbreukherstel ter ondersteuning van de discussie
van de uitkomsten van toekomstige pijn studies. Verder werd de onderlinge relatie benadrukt. Gelet op
de verschillende deelnemers (chirurg, verpleegkundige, anesthesist, fysiotherapeut, patiënt, psycholoog,
enzovoort) zal vooral een groepsaanpak succesvol zijn in de preventie van pijn.
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De Lichtenstein, Prolene Hernia System en mesh plug repair zijn gebruikelijke technieken in open
liesbreukherstel. Geen van hen is superieur in termen van chronische pijn en kwaliteit van leven.
De signifi cante gemakkelijkheid van de mesh plug techniek leidt niet tot minder pijn, maar vergemakkelijkt
het herstel onder lokale anesthesie zonder intraveneuze sedatie bij de oudere patiënt. In vergelijking tot de
Lichtenstein, resulteert de open preperitoneale Kugel techniek in minder doof gevoel, minder chronische pijn
en minder huid sensorische veranderingen door het minder tegenkomen van zenuwen bij deze benadering.
Chronische pijn na liesbreukherstel met prothesemateriaal heeft een echte incidentie van 11% waarvan
een kwart matig tot ernstig is. De incidentie in studies met een VAS score is tweemaal zo hoog als in studies
met alleen een vragenlijst. Chronische pijn wordt meestal beschreven als neuropathisch en beperkt de
dagelijkse activiteit voor eenderde van de patiënten. Om deze beperkingen te scoren is de Pain Disability
Index een eenvoudige hulp vragenlijst.
Chronische pijn is geassocieerd met ernstige vroeg postoperatieve pijn. Preventieve opties tot zover zijn
de achterste benadering en een lichtgewicht mat, maar niet het routinematig doornemen van de zenuw.
Een meer holistische samenvatting van pijn na breuk herstel laat nog veel meer chirurgische aspecten,
medische interventies en patiënten factoren zien. De onderlinge beïnvloeding van de pijn onderwerpen
benadrukt dat preventie van chronische pijn team werk is.
Chronische pijn is niet uniek voor liesbreukherstel. Postchirurgische pijn is een gebruikelijke bevinding.
Het is ook beschreven na mastectomie, sternotomie, ledemaat amputatie en galblaas chirurgie met een
vergelijkbare prevalentie1-2. Gelet op het aantal patiënten dat elk jaar behandeld wordt, zullen liesbreuk 
studies bijdragen aan de kennis van algemene en patiënt factoren die pijn beïnvloeden en is het geschikt
voor het team werk om strategieën te vinden voor preventie van chronische pijn. Deze kennis en strategieën
kunnen worden geëxtrapoleerd naar andere chirurgische procedures en daarmee postchirurgische pijn
verminderen.
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